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NATURAL PHILOSOPHY. 



PROPERTIES OF MATTER. 

1. Natural Philosopht explains the laws which regulate 
bodies^ or matter in masses. This comprises mechanics, hydro- 
statics, pneumatics, electricity, magnetism, and optics. 

Matter possesses two essential properties, which are in- 
separable from the very idea of it; these are extension and 
impenetrability. 

The extension, or magnitude of matter, is expressed by the 
three dimensions, length, breadth, and thickness. 

Impenetrability is that property of matter whereby a body 
excludes from the space it occupies all other bodies. The 
proof of this, like extension, is too obvious to require demon- 
stration. Thus, when the point of a knife or an awl is thrust 
into a piece of wood, the particles of the wood are not pene- 
trated, but merely separated. So, when a spoon is placed in 
a cup filled to the brim with any liquid, the liquid flows 
oyer to make room for the spoon. Even the subtle gases, as 
air, are alike impenetrable ; for, if we force an inverted tum- 
bler into a basin of water, the presence of the air will exclude 
the water, nor can the tumbler be filled with this until the air 
is removed.* 

* This is beantifany QliiBtrated by the experiments in § 78, Pnenmatios. 



Define Natnral Philosophy. What does it comprise 7 The essential prop- 
of matter ? Define extension. Impenetrability. Illustrations of im- 
(metrabflity? 
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14 PROPERTIBS OF MATTER. 

2. Besides extension and impenetrability, matter possesses 
other general properties, as divisibility, figure, porosity, inertia, 
and attraction. 

Divisibility of Matter. — Matter is supposed to consist of 
ultimate atoms, infinitely minute and indivisible, although we 
are unable to determine this by any perception of the senses. 
As an instance of extreme divisibility, we may adduce strych- 
nia, an imperceptibly small portion of which will render bitter 
a whole pint of water, thus dividing and diffusing itself through- 
out every part of the liquid. So musk will continue for years 
to send off its particles, filling the room with a most intensely- 
penetrating odor, and yet suffer no perceptible loss of weight. 
Excellent illustrations of the divisibility of matter are furnished 
by some metals. Thus, ffold may be hammered so thin that 
three hundred and sixty thousand leaves of it, piled one upon 
the other, will only equal the thickness of an inch ; and />/a/- 
imim may be drawn into wire so small that three millions of 
these wires, laid side by side, will scarcely extend over an inch 
in diameter. 

3. The figvre of a body is its form or shape. All bodies 
have a determinate form, which is implied in the idea of exten- 
sion. This, however, is not confined to matter, since shadows 
and spectral illusions, which have no material existence, have 
figure. 

Porosity, — The empty spaces which intervene between the 
particles of bodies are termed pores. These vary greatly in 
different substances, and determine the density of bodies. Thus, 
the pores of lead and gold being smaller, the atoms of these 
metals approach each other more nearly, and they are therefore 
said to be rnore dense. 

That all bodies are porous, may be proved by the fact that 



Other general properties of matter? Are the atoms of matter divisible? 
Illustrations of the divisibility of matter ? What is meant by the figure of a 
body? Is figure confined to matter? What are the pores in bodies? Why 
are lead and gold more dense than most other bodies ? 
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they may be compressed and made to oocupj less space, 
which could not be done if their particles were already in 
contact. The porosity of many bodies may be also satisfac- 
torily shown by the fact of their admitting within them 
others more subtile, without at the same time increasing 
their limits. * Thus, into a cup filled with warm liquid a con- 
siderable quantity of sugar or salt may be thrown without 
causing the liquid to overflow, since the particles of the 
former diffuse themselves through the pores of the latter, and 
j90 occupy the spaces previously vacant. So, by means of the 
air-pump ($ 68), water, wood, etc., may be shown to have 
between their particles a large amount of space filled only with 
air and gases. "^^ 

4. Inertia, — ^ This is a property of all material bodies, by 
virtue of which they are incapable of moving themselves when 
at rest, or of stopping themselves when in motion. The motion 
of a body, therefore, supposes a moving power without itself. The 
power which pi^ts a body in motion, or which stops it when in 
motion, is termed /orce. 

The numerous examples of every-day life serve to eluci- 
date this principle of inertia in matter. A man standing up- 
right in a boat will fall backwards when the boat is suddenly 
pushed fi-oiii the shore, and forwards when it strikes the land 
again. lu the former case, the whole body does not at once 
partake of the motion of the boat, but the feet, which rest 
upon it, doing this more rapidly than the upper portions, 
these latter fall behind, causing a fall of the body backwards ; 
80 when the motion of the boat is suddenly checked, the feet 

* The atoms of liqaids, as weU as solids, are supposed to be globular. 
Thus, the particles of water are regarded as sustidnlng to each other positions 
similar to fine shot, and so allowing the smaller atoms of other bodies to enter 
ind fill them. 



Porosity of matter, how proved? Illustrations 7 Define Inertia. What does 
the motion of a body suppose? What is force? Illustrations of inertia? 
Cause of such results ? 
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are stopped, while the head and upper parts tend to proceed, 
causing these to fall forwards. The same law of inertia is 
seen when a person jumps from a train of rail cars in motion, 
his feet being stopped, while the head tends to move onward, 
causing it to be brought yiolentlj to the ground. 

5. Attraction is the tendency of matter, whether in atoms 
or masses, to be drawn together. When this exists between 
the molecules, or particles of a body, it is termed molecular 
attraction^ or cohesion;* when between masses of matter, 
ffrarntation. 

6. Every body exists in one of three states, solid, fluid or 
gaseous, according to the force with which its particles are 
drawn together, or coheie. 

Solid bodies are such as have the position of their parti- 
cles Jixed in relation to each other, and require a force supe- 
rior to their own weight to change the form of the body ; of 
such are wood, stones and metals. 

Fluids have a cohesion between their particles, which holds 
these within certain limits, yet allows of their gliding easily 
among themselves. These, unlike solid I^es, have no inde- 
pendent form, but take the shape of the solid sur&ces within 
which they are confined. Water and other liquids are examples 
of fluids. 

Gaseous bodies have a mutual repulsion between their 
particles superior to the force of cohesion, by virtue of which 

* When the particles of two separate bodies are brought sufficiently 

near, they adhere and become as one body. Tims, if 

^- 1* two perfectly polished glass plates have their sur&ces 

^ cleanly wiped, and then be placed together, they will 

UgnMn^ggilflg^ adhere, by the cohesion between their particles, so firmly 

Wmmmmim& as to require a very great sliding foroe to moye them. 

V Figure 1 shows the form of glass plates commonly used 

lor this purpose. 



Define attraction. What is molecular attraction, or cohesion? What 
gravitation 7 The three states in which bodies exist 7 What are solid bodies ? 
Examples? Fluids? Examples? Gaseous bodies ? Example? 
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they tend to separate, and occupy a volume increasing in 
proportion as the external pressure upon them is removed. 
Of gaseous bodies atmospheric air is an example. 

7. Specific Properties of Matter. — Besides the general 
properties which have been described, matter contains other 
properties, found in a special degree in particular species of it. 
Such are called specific properties. Of these, hardness and 
elasticity, flexibility and brittleness, malleability, ductility and 
tenacity, are the most important. 

Hardness is the property of matter by which the particles 
of a body keep their relative positions, so as to resist any 
force which tends to change the form of the body. This is 
distinct from density, since the most dense bodies, like lead 
and gold, are often comparatively soft. 

Elasticity is the property by virtue of which bodies, when 
compressed, tend to recover their former positions again. Thus, 
a steel spring, an ivory ball, India rubber, and atmospheric air, 
are examples of elastic bodies. Elasticity exists in bodies in 
different degrees, and when equal to the force which presses 
on the body, such a body is said to be perfectly elastic. Such 
are the bodies just mentioned. 

Flexibility and Brittleness. — When any body, as a rod 
of metal, readily yields or bends under a force applied to it, 
it is said to be flexible. If, however, instead of bending, the 
rod be readily broken, it is said to be brittle. Thus, a bar 
of steel, which has ]i>een heated, and then slowly cooled 
(annealed), is flexible, while the same, if suddenly cooled by 
plunging in cold water, is rendered brittle. 

Malleability is a property which metals possess in different 
degrees, whereby tliey allow of being hammered or rolled into 
thin sheets or leaves. Thus iron, zinc and gold (2), are 
highly malleable. 

What are specific properties of matter? The more important of these? 
Define hardness. Define elasticity. What is meant by perfect elasticity in 
a ^icly? When is a body said to be flexible? And when brittle? Define 
malleobilitv. ^ 
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Ductility in metals enables them to be drawn out into wire. 
Platinum affords the most perfect example of a ductile metal 
(2), while iron and copper possess both malleability and duc- 
tility in a high degree. 

Tenacity in bodies causes their particles to adhere and 
resist a separation. Thus, iron and copper are highly tena- 
cious,^ while tin and lead possess this quality in an inferior 
degree. 

GRAVITATION. 

8. If a stone or other body be dropped from the hand, and 
left free to itself, it faOs until arrested in its course by some 
opposing obstacle, as the floor or ground. 

As matter is inert (4), and incapable in itself of motion, we 
ascribe its fall to the earth to a mysterious force termed the 
force of gravity. 

9. Gravity acts on all terrestrial objects in the direction of 
the eartKs centre, — From whatever portion of the earth's 
surface a body be let &11, its tendency is invariably towards the 
centre of the earth.'l' Thus, instead of bodies falling at all 
points on the earth's surface, in directions parallel to each 
other, they do this at angles varying with their distances. A 
body let fall at Boston will make nearly a right angle with one 
let fall at Cape Horn ; and two bodies let fall at the same time 
from Boston and Australia, will approach each other in nearly 
opposite directions. 

* An iron wire one sixteenth of an inch in diameter will support a 
weight of five hundred and forty pounds, while one of lead, of the same 
diameter, will support <mly twenty-seven pounds. The superior tenacity 
of iron renders it highly scrvioeable in the construction of suspension 
bridges, and wherever great strength is requisite. * 

t Many phenomena of matter appear to be contradictory to Hiis law of gray- 
ity ; JUS the rising of balloons, the floating of clouds and various light bodies. 
nip.se, however, rise, and are sustained above the earth, by reason of the force 
of gravity ; a bulk of atmospheric air weighing more than these bodies sinks 
oeneath, and thus forces them upwards. 



DeBne ductility. Tenacity. I>efine gravitation. In what direction does 
Cr&vitation act on all terrestrial objects? Illustration ? 
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10. Gratity acts alike on all bocUes, and^ where no ob- 
Uades interpose^ these faU to the earth with equal velocities. 
— If a flock of cotton and a ball of lead be dropped together 
from an elevation, the latter will fall rapidly, while the former 
lingers in its descent This difference is due to no superior force 
of gravity exerted on the lead, but to the fact of the air offering 
a greater resistance to the extended surface of the cotton than 
to an equal mass of compact matter in the lead. If these be 
allowed to &li in a receiver, from which the air has been ex- 
hausted, they will both reach the earth at the same instant, as 
shown by experiment, ^ 75. 

11. The weight of a body is the force with which it gravi- 
tates towards the earth's centre, and this force is directly as the 
mass of matter contained in the body. 

The force of gravity diminishes in the same ratio as the square 
of the distance from the centre of the earth increases ; hence it 
follows that bodies elevated above the earth weigh less than at 
its surface. Thus, a body, weighing one thousand pounds at the 
level of the ocean, loses two pounds when elevated four miles 
above this ; and if carried from the earth to the distance of the 
moon, — two hundred and forty thousand miles, — and there 
acted on only by the earth, its weight would not exceed five 
ounces. 

For this reason bodies weigh more at the poles than at the 
equator, from the &ct of the former being ^arer the earth's 
centre than the latter. 

CENTRE OP GRAVITY. 

12. There is in every body a point, about which all the par- 
ticles composing the body balance each other. This point is 

Under wh&t oizxnimBtanoea will light and heavy bodies ftdl to the earth 
in eqoal times, and whj f What is the weight of a body 7 How does the force 
of grayity diminish as we go firom the earth's centre 7 Gito an illustration. 
Why do bodies weigh less at the eqoator than at the poles T Define the centre 
of gravity of a body. 
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termed the centre of gravity of the body. Accoidinglj, if a 
body be supported at this point, aA its parts will be in equilib- 
rium, whichever way it be turned. 

To find the Centre of Gravity. — When the particles com- 
posing the body are homogeneous (the same kind), and its form 
regular, the centre of gravity will h^ at the geometrical centre. 
Thus, in the triangular surface, 7 (Fig. 2), the centre of gravity 
may be determined by drawing lines from two of the angles, so 

as to bisect the oppo- 
'*'**' site sides; the point* 

where these lines in- 
tersect each other will 
be the centre of gravity 
of the surface or body. 
If the body be a square 
or parallelogram, its 
centre of gravity will 
be the point where 
lines, joining the op- 
posite angular points, 
intercept, as shown in 5 and 6. The centre of gravity of these, 
as well as of homogeneous bodies, whose forms are irregular^ 
may be found by suspending them freely from one of their 
angular points, and marking the direction of a plumb line ^ 
let fall from th^x)int of suspension, and then suspending from 
another angular point, and marking again the direction of the 
same line ; the centre of gravity will be at the point where 
these lines intersect. Thus, if the figures above be pierced with 
holes at two of their angles, and then suspended by these holes 

* This 18 shown at 2, Fig. 4. and is simply a lead weight attached to a 
string. The plumb is used by artisans for ascertaining when the position of 
bodies is perpendicular. 




When the body is homogeneous and regular, how is this ibund F How find 
Jie centre of gravity of bodies homogeneous and irregular T 
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Grom the wire of the stand (9), or bj a string, the centre of 
gravity will lie in th6 lines drawn from the wire or string per- 
pendicular to the horisxm, and at the point where these lines 
intersect 

13. If a body be not' fi$ tmiferm densitj^.(he;5ientre of gravity 
will not be at the geometric centre, but at a point nearer to the 
dei)ser edge. This may be illustrated by the circular body 4, 
Fig. 2, one side of which has been plugged with lead. In this 
case, if the body be placed upon the wire, with this passing 
through a hole at its geometric centre, the parts will not be 
balanced; but, in order &r this, will require the wire to pass 
through a hole at a point nearer the lead, as seen in the figure. 
If such a body be balanced and made to revolve, its apparent 
centre of gravity will seem to ascend at each revolution. By 
liius plugging one side of a wooden ball, it may be made to roll 
up an inclined plane, since its centre of gravity may thus be 
made to fall before the point of support The same singular 
ph^iomenon may be exhibited by placing a double cone at the 
fix>t of an inclined plane, formed by two angular strips, as 
shown in Fig. 3, when the cones will be found to roll up the 

Fig. s. 




plane from the angular point. This apparejitly contradictory 
motion is due to the inclination of the cones exceeding that of 
the inclined plane, causing the centre of gravity to fell con- 
stantly before the points of support 

Two bodies, joined by a bar or rod, may be regarded as one 
body. If these be of equal weights their centre of gravity will 



If the body be not of uniform density where will its centre of gravity be T 
mustrate thie by the figure. How may a wooden ball be made to roU up an 
inelined pUme T Why does the double cone, seen in Fig. 8, roll up the incUned 
planet Case of two bodies joined by a bar or rod, as in the figure T 
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be a point midwaj between the two ; but if of nneqoal weights, 
this will lie nearer the heavier body. This is shown by 3, 
Fig. 2. Here the ratios of the distances of the two bodies 
from the centre of gravitjr are inversely as the veigbta of the 
bodies. 

A body in a state of nnstable equilibrium will be much leea 
liable to be upset, if it have a rapidly revolving motion about its 
point of support ; fbr ia this case the centre of gravity, although 
BOt directly over thia point, is constantly' revolving about a 
vertical line passing through it, and thus the tendency of the 
body to fall in a partionlar direction is prevented by a change 
in the point of support, so aa to throw the centre of gravity in 
the opposite direction. 

From this cause a top spina on its unstable sapport. Many 
feats of public exbibiters, as the balancing of broad plates on 
the point of a aword, are performed by giving these objects a 
revolving motion as above. 

14. The equilibrium of a body is said to be stable whenever 
the p^pendicular through its centre of 
/k. gravity falls within the base ; but in- 
V different when this falls just at its 
edge, and unstable when the perpen- 
dicular falls without the base. Thus, 
when the upper portion of the miniature 
tower, seen in Fig. 4, is removed, so as 
to bring its centre of gravity at n, where 
the perpendicular tails within the base, 
, it will require considerable force to over- 

turn it ; but if the top be replaced, so 
as to bring the centre of gravity at b, it 
will have an indiSbrent equilibrium, 
and be upset by the slightest force. By any addition to its 



Define three kmd) of equilibriam. IllaHrKto thue b; Figim 4. 
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height, so as to carry the centre of gravity above A, the struc- 
ture will be unsupported, and fall.* 

The equilibrium of a body may be either stable, indifferent or 
unstable. 

The firmness of a structure depends on the extent of the base 
upon which it rests, and the nearness of its centre of gravity to 
this base ; hence, of all artifical structures, the pyramid affords 
the best example of stability and permanency. A regard to these 
led the andent Egyptians to build the tombs designed for pre* 
serving the embalmed remains of their princes, through indefi- 
nite ages, of the pyramidal form. 

Such a form of body is upset with diflBculty, owing to the 
fact that its centre of gravity, being at a low point, must rise 
through a considerable curve, as the body turns on the edge of 
its base. From this cause, in turning over a flat stone or heavy 
marble slab, for instance, the force required at first is consider- 
able, but gradually diminishes as the centre of gravity rises and 

approaches the point directly over 
the point of support, where the 
equilibrium of the body becomes 
indifferent. 

Many amusing toys for children 
are constructed, illustrating the 
centre of gravity, where this is at 
or below the point of support 
.Thus, in Fig. 5, a horse with his 
rider is supported on two small 
wires, projecting slightly from the 
hind feet, by means of the lead ball 

• The leaning tower at Pisa has an eleTation of three hundred and fifteen 
feet, and an inclination ttom the perpendicular of 12.4 feet ; and yet stands 
firmly, rinoe the perpendicular, let laU from its centre of gravity, comes within 
its base.' 



Fig. 6. 




What fcrm of struoture best insures permanency T In turning over a 
marble slab, why does the foroe required becomes less and lessT 
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Attached to the bent wire, whereby the centre of gran^ is 
thrown below and under the point of support, causing the image 
to vibrate up and down from the alighteet cause. 

From what has been saiA, we see the danger of loading 
wagons too high, and of piling too much baggage upon the top p! 
Btage-coaches, whereby the centre of gravity will be elevated, 
and these thus rendered more liable to be overtamod. 

In the variona movements of the human body, a conetaDt 
effort is unconsciously made to support the centre of gravity. 
Since the feet aflbrd a base so narrow, the centre of gravity 
would be constantly liable to bll without these, were it not for 
the counter motions of the arms, the head, eto., to prevent 
this. 

Thus, tie child, before it has learned the wonderful art of 

walking, and the intoxicated person, who disregards it, are both 

subject to repeated &II3. The rope-dancer, on the other hand, 

acquires such skill in balancing the body as to walk, danoe, and 

perform various kindred feato, on a base bo 

"»■ •- narrow and unstable as a taut-rope. 

A person, in carrying a weight, as a pail 
of water (Fig. 6), for instance, in one hand, 
throws out the other arm, and mclinee the 
body, so aa to bring the common centre of 
gravity of this and the weight within the 
' base formed by the feet For the same* 
reason, in walking uphill, the body inclines 
I forward at an angle with the hill-side, and 
in walking down, is thrown backwards at a 
similar angle.* 

*Ap«nMi,{ii ranning, inalliiw his bod; BO Bi to UirowtbeMatreofgraTi^ 
% little befttre thi point or rapport, *iid thus aid la gi^a to his tbnrard mation. 

WI17 is th«t« danger in loading ngonB, tta., too hight Tlte Ecntre of 
gravi^ lo tho oue of the hnmui bod;? Why ia a, istiM more liable to fUl 
than an adnit T The ease of ropo-danoen T Why do«e a pereon in oan^ing a 
pcul of «at«r extend the other armT 
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MOTION. 

15. Motion is a change in the position of the body, and is 
opposed to rest The power which sets a body in motion is 
termed /orc6. Motion is of several kinds. Relative motion is 
produced when a body is moving in respect to some one body, 
but at' rest in regard to another. Thus, a man sitting upon the 
deck of a vessel, is in motion in respect to the land, but at rest 
in regard to the several parts of the vessel. Uniform motion 
is the motion of a ho^j moving over equal spaces in equal times. 
Accelerated motion is produced when the spaces passed over in 
equal times increase, and retarded motion when these diminish. 
A stone falling through the air is an instance of the former, since, 
acted on by the force of gravity, its rat6 of motion constantly 
increases ; while the ascent of the stone, when thrown from the 
hand, aflfords an example of retarded motion. 

The velocity of a moving body is measured by the space 
passed over in a given time. A moderate wind has a velocity 
of about 6.5 feet in a second ; a hurricane, of one hundred 
and eighteen feet in a second *, hence we say that the velocity 
of the latter is about eighteen times as great as that of the 
fimner. 

Since force is required to overcome the inertia of a body and 
give it motion, so the same is required to bring it to a state of 
rest when in motion. The chief forces which act to retard or 
destroy the motion of a body are friction and resistance of 
the air* 

In rifliog fh>m a chair, w<$ stoop* forward, or bring the feet back, in order to 
eaose the centre of gravity to t&ll within the point of support. Thus the move- 
ments of the body, in its various positions, all regard the law of equilibrium of 
solids. 

Define motion. Force. What is relative motion 7 Uniform motion 7 Ae- 
ederated motion 7 Retarded motion 7 niustrations of accelerated and retarded 
motion 7 How is the velocity of a moving body measured 7 Illustration 7 
What are the ibioes which act on bodies to bring them to a state of rest 7 

8 



i 
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16. Momentum. — ^This is the force which a moving body 
exerts, and is as the mass of the body multiplied into its veloc- 
ity. J For equal masses of matter the momentums are as the 
velocities; and for equal velocities, as the masses/^ Thus, a body 
weighing ten pounds, and moving with a velocity of five hun- 
dred feet in a second, will have a momentum of (10x500) 
five thousand, while a second body, also weighing ten pounds, 
and moving with a velocity of two hundred and fifty feet in a 
second, will have a momentum of only (40x250) twenty-five 
hundred.) In this case the momentum of the former is double 
that of the latter. 

The velocity of a body may be very small, and yet have a 
very great momentum. This is illustrated in the case of ice- 
bergs or large timber-rafts, moving with a motion almost im- 
perceptible, and yet producing effects 4he most terrific Vhen 
meeting with other large masses. 

n.LGravUy gives to falling bodies a constantly increasing 
or accelerated nwtionS 
(it a person leap from a chair to the ground, he suffers no 
injury, while, if he do the same from a church belfry, he will 
most probably strike the ground with a force sufficient to de- 
stroy life.) Now, since this force depends on the velocity with 
which the body moves at the moment when it touches the earth, 
it follows that the velocity of the body is increased with the 
height. 

Laics of Falling Bodies, — Bodies in falling towards the 
earth^observe certain laws in regard to the rates of their veloc- 
ity. sThus, if a body fall sixteen feet in the first second of its 
descent, it will fall three times that in the next second, five 
times in the third second, seven times in the fourth second, and 
so on J the spaces through which it moves in each successive 

Define momentum. Illustrate this. IIow does gravity affect the motion of 
falling bodies T Example? State the law in regard to the veloci^ of &lling 
bodies. 
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second being as the odd numbers 1,3, 
5, 7, etc. The total distance fallen 
through from the place of rest will be 
as the squares of the times. Thus, if 
a body dropped from an elevation fall 
16 feet in the first second, the distance 
reached at the end of the next second 
will be (2^) four times that, or 64 feet ; 
at the end of the third second, (8^) 
nine times, or 144 feet, and so on. 
Thus, to ascertain the entire distance 
a body will fall in a given time, we 
have only to multiply the space 
through which it falls in the first 
second by the square of the number of 
seconds it is falling. 

Atwood's Machine, Fig. 7, is an 
ingenious yet simple device Cfi)r ascer- 
taining the rate of increase in the ve- 
locity of falling Jbodies.) This was 
contrived for the purpose of obviating 
the difficulties attending attempts to 
determine the velocities of these by 
actual measurements, and consists of a 
grooved wheel, F, revolving on delicate 
bearings placed upon the top of a fcill, 
graduated, vertical post. Over this 
wheel passes a fine cord, to the ends of 
which are attached the weights w, s, 
precisely equal. To the front of this 
post is affixed a clock with its pendu- 

How will be the total distance fallen through 
by a body ? Explain this. How may we ascer- 
tain the entire distance a body has fallen in a 
given time? What is the use of Atwood's Ma- 
ohine 7 Describe the parts of this. 
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lum vibrating seconds. D and E are planes movable up- and 
down on the post ; the latter having a circular opening just 
sufficient to allow the weight w to fall freely through it, while 
it intercepts and takes off a small oblong weight * placed ^on 
this. 

Experiment. — Bring the post into a vertical position by 
means of the screws B B ; draw w to the top of the gradua- 
tion, place upon it the small weight, and let them descend ; the 
velocity of w>- will be comparatively slow yet constantly increas- 
ing until it passes through E, when the small weight will be 
taken off, and w will continue its descent to D, by reason of the 
gravitating force of the small weight acting down to the point 
£. Now, since gravity acts alike on all falling bodies, small 
and great, causing them to fall alike when the air offers no 
resistance, and since the increase of the velocity of w (during 
the successive intervals of time as indicated by the pendulum) 
is in the same proportion as that of a body falling freely during 
the same time, it follows that from the rate of increase in the 
velocity of tr, as may be clearly indicated by thb machine, the 
increasing velocity .of bodies in general may be determined. 
The spaces passed over by the descending weight w^ in succes- 
sive seconds, are found to be as the squares of the times of fall- 
ing. To determine, therefore, the distance a body has fallen in 
a given time, we have only to multiply the space fallen through 
in the first second by the square of the number of seconds. 

Owing to this accelerated motion of falling bodies, a bullet or 
a cannon-ball dropped from an elevation sufficiently great, may 
acquire a velocity and force far greater than if fired from a rifle 
or cannon. 

18. Motion of Projectiles, — When a body is thrown in a di- 
rection oblique to the perpendicular, it is acted on by two forces, 

* This small weight is not shown in the figure. 



How does the slow descent of the weight w indicate the rate of yelocity of 
falling bodies in general T What is said of a bullet or cannon-ball letiall from 
a great elevation 7 



Kg. 8. 
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the projectile force, which tends to impel it forward in a straight 
line, aad the force of gravity, which acts to bring it to the earth. 
Instead, therefore, of fol- 
lowing the direction of eith- 
er, the hody describes a 
curve between the two 
forces. This may be illus- 
trated by Fig. 8. Let any 
body, as a cannon-ball, bo 
projected horizontally from 
an eminence at a. Sup- 
pose b the point to which 
the projectile force alone 
would carry the body in one 
second, and b' the point 
which it would have reached 
by gravily alone in the same time ; then, instead of following 
the direction of either of these forces, it will.move in a curve, a, 
r, between them. So, in the next second, intitead of passing to 
the points c or c', under these combined forces it will move to s; 
■Q the third Becond to t, and so on, describing in its descent that 
form of curve known as the parabola. 

The law of motion of projectiles is especially regarded in the 
art of gunnery. By knowing the force of the powder which 
drives the ball, the engineer is enabled so to elevate his cannon 
or mortar as to cause the ball or shell to fall on a particular 
spot in the distance. ■ 

19. Central motion is the motion produced by the revolution of 
a body about a fixed point ; as when a ball attached to a string 
is made to revolve about the finger. Owing to the inertia of 
bodies causing them to persevere in straight lines, these, when 
revolving in a circle, tend constantly to recede from the centre 

Vh&C forces act on a bodj thrown obliqne t<> the pfrpendiculu- T What di 
'ntion will sach a bodj take T Explain Fig. 6. Where » Iha law of motion 
>fpngeatilcsMpeci«llyreganledI Define cottnJ motiotu 
3* 
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"■' "- of motion, and fl j off in a tangent to 

the circle. Thus, in Fig. 9, the body 
a, at the points a, b, tends to move 
in the direction of the tangents att, 
b If, and BO at everjr other point in 
the circle. 

The force which holds a bodjr and 
confines it in its circular path, is 
termed thtf centripetal force ; * that 
which causes it to fly off, the centrif- 

While these forces are balanced the body moves in a circular 
course, X but when either preponderates it moves in the direction 
of the preponderating force. This is seen in the revolution of 
an apple attached to a string fastened to the finger. If the mo- 
tion be too rapid, so as to break the string (centripetal force), 
the apple will fly off in a tangent; but if too slow, it will fiiU 
in towarda the finger. Owing to this centripetal force, a pail 
of water or a tumbler of water fixed in a sling may be made to 
revolve without the liquid flowing out. The same force causes 
water to fly off from a grindstone, or mud from a rapidly re- 
volving caixiage-wheel. 

A magnificent illustration of the balancing of these two forces, 
so as to cause a harmonious revolution, is furnished in the 
motions of the heavenly bodies. 

20. The centrifugal force increases with the distance from 
the centre of ntotion. — Thus, in the revolution of a body about 

* Centre, and ^fa to seek. t Centre, and fvgio lo fl; oC 

t The danger of upsctling a cuniage in turning rapidlj round & corner U 

due to tlie fict thftt the centrifugal farce causes the oeotre of gravit; to Ih 

tlirowD without the wheels or point of supporL 

Explain (he causes or tbe oircular ntotion of the bod; seen in the flgare. 
What is centripetal force t C«ntTiftigii>l T How does a bod; move wlien these 
foitics balance T Illustrations T What bodies iltustratc the balancing of Iheag 
furccsT State the proposition in regard to the eantrifugnl fbroe. 
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ft fixed axis, as the earth for instance, those parts more remote 
are acted on by the centrifugal force much more strongly than 
those nearer this axis. To tbJa cause ia* commonly ascribed the 
present form of the earth, bulging out at the equator and flat- 
tened at the poles ; this having commenced ita revolution at an 
early epoch, probably while it was in a plastic state. 

This change in the form of revolving bodies may be illustrated 
by Fig. 10. This consists 
of two elastic hoops fast- 
ened at the upper side on 
a vertical shaft, nhjle the 
lower is free to more. 
Bapid motion is given to 
this by geared wheels at 
the top of the frame, when 
the hoops will be found 
to bulge out at the equtv- 
tor, but contract at their 
poles, as already stated. 
When a body in motion strikes against another body, the 
former acts upon the latter, and in turn is acted on by it. The 
Ke.ii. effect .of the moving body is 

termed action, and of the body it 
strikes, reaction. Action and re- 
action are equal and in opposite 
directions. This may be proved 
by the apparatus shown - in Fig. 
11, where six ivory balls are sus- 
pended by fine cords so as to bang 
parallel before a graduated arc 
If, now, one of the balls he drawn 
back to a certain point on the arc, and then let fall, it will act 




irmortheeirth? How LUiiHtrBlod by the figaf« I I*" 
What law do these obwrTeT Explain Fig. 10 
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on the seoond of the series, this second ball vill act on the third, 
tbc third on the fourth, and so on ; each imparting force to the 
next, until the [oat hall, having no other to which to impart its 
force, flies off to nearlj the same distance aa the first was re- 
moved ; thus showing action and reaction to be equal where the 
bodies are perfectly elastic. 

21, Reflected Motion. — When any elastic body, as an ivory 
ball, is thrown against a hard smooth surface, it rebounds from 
such surface, and the motion it receives is called reflected mo- 
tion. In such a case, the angle which the body makes with the 
surface when approaching it is called the angle of incidence, 
and that which it makes with this when leaving it, the angle 
of reflection ; these angles 
"«■ '*■ are equal. 

Thus, let an elastic ball 
be thrown from the point 
a, Fig. 12, striking the 
hard smooth surface d, e, 
at £, when it will be re- 
flected in the direction b, 
e. In this cose, a, b, d, is the incident, and c, b, e, the 
reflecting angle, and upon measuring these angles they will be 
found equal. 

'^w- 22, Resultant Motion. 

— When a body is struck 
at the same instant by two 
forces, whether equal or 
unequal, instead of follow- 
ing the direction of either 
it will move in a line be- 
tween these forces ; this line 
or direction will be tho 
diagonal of a parallelogram whose adjacent aides represent 

What U reQect«d motion T How are the snglee of indileDce anil reflection T 
EipIaJD Fig. 12. What 'a reanlUuit motioD T Illuslrate this b; tba fieorc 
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the forcea, and will itself represent the resultant of these 
forces. Let a. Fig. 13, be a billiaj-d ball, for instance, Btrucfc 
by two unequal forces in the directions b, c, and d, e ; the ball, 
instead of following tbe direction of either, will mofe in the 
diagonal a, f, between the forces.* 

'ig. i«- The scenes of daily life 

afford numerous examples of 
resultant motion. A vessel 
in attempting to cross a riv- 
er presents a good illustra- 
tion. Thus, in Fig. 14, let 
B be a steamboat attempt- 
ing to cross the stream in a 
direct line to A'. Suppose 



fiired. If i or rf be w 

? ~P ttmlely, it will impel t1 
j' Btmight line in the dire 



; the reeullant of two forcea 
i ftnd d, &re placed at one 
or It rectauguliLr table, so u 
equall; an a ball, a, it de- 
or (( be worked aep- 
the bnll in a 
Btmight line in the dirtctioo or (he 
fiirws to C or ( ; if both theee act 
equally, and strike a at th« same 
instant, it will move in the diago- 
nal a,/, betweeD the forees. If 
the Gpringa be drawn out eo as to 
not uneqnill; on a, the; ntaj be 
g» reguUleJ ae to drive it in any 
-HP direction between t,f, and (,/. 

Many wonderful feats of circus- 
riders are ciiunples of reeultant 
motion ; such ag jumping from the 
hack of a horse in rapid motion, 
over a rope or through a tioop, so 
as to alight again on the back of the animal. The spring of the bod; in such 
iDstiinces giiea to it an upward inotion, while it retains its forward ntution in 
cummuo with Ibe horue. 

Bow is resultant motioa illustrated in case of a ateaioboat attempting to cross 
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the force of the steam suflScient to drive it to A' in ten min- 
utes, while the force of the current is sufficient to carry it m Uie 
same time to A. If, now*, steam and current act simulta- 
neously, instead of passing to either A or A', the steamboat will 
move in a diagonal between the twa forces, and arrive at the 
expiration of the time at B'. 

In throwing a package from a train of cars, or an apple from 
the deck of a steamer, these bodies partake of the motion of the 
cars or steamer, so that, instead of striking at the point intended, 
they are carried along some distance beyond. Thus, in firing 
from a sailing-vessel at an object at rest, due allowance should 
be made for the motion of the vessel, and aim taken behind the 
object. 

In jumping upwards from the floor of a rail-car in rapid mo- 
tion, a person unacquainted with the laws of resultant motion 
might very naturally suppose the car would pass from under 
him so aa to cause his feet to strike again at a point behind that 
from which he jumped, instead of returning to this same point, 
as is found to be the fact. So, in dropping a ball from the mast- 
head of a vessel sailing rapidly, an ignorant person might sup- 
pose the ball to strike astern, instead of at a point on the 
deck directly beneath, as the trial will prove. 



PRACTICAL PROBLEMS ON THE FOREGOINa 

PRINCIPLES. 

1. What distance would a pigeon, flying uniformly at the rate 
of 68 miles per hour, pass over in 12 J hours ? 

2. A train of rail -cars which, with the locomotive, weighed 180 
tons (403,200 lbs.), and moving at the rate of 18 miles per hour, 



In throwing a package from a rail-car, or the deck of a steamer, will it 
strike the point at which it is aimed? In firing from a sailing veflBel at an 
object at rest, where should aim be taken ? In jumping upwd^ from a rail- 
oar, when moving rapidly, why does not the car pass from under the person T 
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was met by a second train weighing 165 tons (369,600 lbs.), and 
moving at the rate of 22 miles per hour ; what was the force or 
momentum of their collision ? (^16.) 

3. A grindstone in an axe factory burst asunder from its too 
rapid revolution, and a portion weighing 428 lbs. was hurled against 
the wall with a velocity of 30 feet per second ; with what force did 
it strike this ? 

4. A stone, let fall from a precipice above a body of water, was 
seen to strike this in five seconds ; what was the elevation above the 
water? (^7.) 

[Suppose 16 feet to be the distance fallen through in the first 
second; then 16 X 5* = 400. Ans.] 

5. A ball shot perpendicularly upwards from a rifle returned in 
12 seconds ; how high did it ascend 7 

[6* X 16 = 576. Am.] 

6. If a body be hurled downwards with, a velocity of 22 feet in 
the first second, how far will it fall in 9 seconds 7 

[Since the total distance fallen through by a body will be as the 
square of the time of its fall ($17), the answer in this example 
will be found by multiplying 9^ (81) by the distance fallen through 
in the first second.] 

7. A stone, thrown directly at an object from a rail-car moving 
at the rate of 3,520 feet per minute, was 4 seconds in the air ; at 
what distance beyond the object did it strike 7 

8. A cannon-ball fired from a steam frigate was seen to strike a 
fort three miles distant in 1^ seconds ; supposing the frigate to be 
moving at the rate of 15 miles per hour, how far behind the fort 
would it be necessary to aim in order that the ball might strike it 7 

9. Two steamboats moving in opposite directions pass each other, 
one going at the rate of 11 and the other 14 miles per hour ; suppose 
an apple be thrown from the deck of one boat at a person in the bow 
of the other boat, how far astern will it strike the water in 3^ 
seconds? 

10. In carrying a heavy package along a narrow pass upon the 
verge of a promontory on the island of Atoi, several years since, a 
man wa^ seen to lose his balance and fall, and in 4j- seconds after to 
strike the water beneath ; how high was the promontory 7 
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THE MECHANICAL POWERS. 

28. Machines are instruments employed for aiding muscular 
and other forces in overcoming physical resistances. These, 
however complicated, are made up from a few simple machines, 
termed the mechanical powers. It must not be supposed that 
we generate or increase force by means of these simple 
machines ; we merely apply this in a convenient and economic 
manner. Thus, if a man could raise to a certain height two 
hundred pounds in one minute, with the utmost exertion of his 
strength, no power could enable him to raise two thousand 
pounds in the same time. If left to elevate this mass by his 
own unaided strength, he would be obliged to divide it into ten 
equal portions, and raise each separately ; whereas, by making 
use of one of the simple machines, he will be enabled to raise 
the whole mass at once, requiring, however, for the performance 
of the task, ten times as many minutes as for raising the two 
* hundred pounds.^ Thus, in the use of these simple machines, 
time is exchanged for power. And the same is true of all the 
numerous varieties of mechanical contrivances for facilitating 
labor. 

24. The mechanical powers, or simple machines, are com- 
monly regarded as six in number : the Lever, the Wheel and 
Axle, the Pulley, the Inclined Plane, the Wedge, and the Screw. 

The Lever, — This is any bar, turning on a fixed point 
or prop. This prop is termed the fidcrum, and the parts 
of the bar extending on each side of this the arms of the 
lever. 

Levers are of three kinds. Fit^stj where the fulcrum is 
between the power and the weight. Second, where the weight 

•Bird. 



What are machines T From what are these made up T Do we generate force 
by the use of machines ? niostrate this. The number and names of th« 
mechanical powers 7 Define the lever. The kinds of levers T 



THE LEVER. 



37 



tig. 19. 

' ' ' 



is between the power and fulcrum. Third, where the power 
is between the fulcrum and weight. 

The first kind of lever is 
shown in Fig. 16, where P rep- 
resents the power, W the weight 
or resistance, and F the fulcrum. 
MW iGLp The crowbar employed for 

prjing up rocks, pump-handles, 
steelyards, scissors and pincers, are illustrations of this kind 
of lever. 

The power and weight are always in equilibrium when they 
are to each other in the inverse ratio of the arms of the lever 
to which they are attached. Consequently, in Fig. 16, in order 
that the power, P, and the weight, W, exactly balance each other, 
the products arising from multiplying each by its distance from 
the fulcrum must be equal. Thus, if we suppose W to be a 
weight of three hundred pounds placed two feet from F, and 
P a power of one hundred pounds placed six feet from F, then 
will W and P be in equilibrium, for (300 X 2) = (100 X 6). 
Thus, when the weights and lengths of the two arms of the 
lever are given, the power to balance the weight may be found 
by dividing the product of the weight into its distance from the 
fulcrum by the distance of the power from the same. 

The balance and steelyard are examples of the application 

of the first kind of lever. The 
latter, as seen in Fig. 17, has 
the length of its arms unequal. 
The body to be weighed is sus- 
pended from a hook near the ful- 
crum, and counterpoised by a 
small weight, moveable upon the 
other, or long arm ; the weights 
which this small weight will bal- 
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Dceoribe » lever of the first kind. When are the power and weight in equi- 
librium ? ninatrate this by the figure. What fiimillar examples of the first 
Uad of lever ? 
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ance at different points, being indicated bj figures marked on 
this long arm. By this inequality in the two arms of the steel- 
yard the weights of heavy bodies may be indicated. 

25. Fig. 18 represents a lever of the second kind. Here 

the fulcrum, F, is at one end of the 
'^**^®* lever, the power, P, acting at P at 

the other, while the weight, W, is 

between these. The power and 

^ weight will be in equilibrium in 

this as in the previous case, when 

^ (W X wF)==(P X PF). An 

oar employed in rowing a boat is 
an example of this kind of lever ; in this instance the water 
is the fulcrum, the boat the weight or resistance, and the 
hands the power. Wheelbarrows, doors, hay-cutters, and nut- 
crackers, are also examples of the same. 

26. The third kind of lever may be illustrated by Fig. 19, 

Pig. 10 where W, the weight attached at w, 

is at one end ; F the fulcrum, at the 

other, and P the power applied at P 

iv I jr between these, when the power and 

weight balance (w F X W) = 
(p F X P). 
Myy As will readily be seen, the power 

of this form of the lever must always 
exceed the weight to be raised. Hencd, owing to its mechanical 
disadvantages, this lever is never used, except where velocity 
is required more than power. A pair of tongs, the treadle of a 
lathe, and the raising of a ladder by lifting upwards when one 
of its ends is fixed, afford illustrations of levers of the third 
kind. 

^— »— ^— »^ - I I !■ ■ . 

Explain the second kind of lever from the figure. Examples of this kind 
of lever 7 Explain from the figure the third kind of leyer. In^is kind of 
lever, how must the power bo in reference to the weight 7 
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The limbs of animals afford the most striking examples of 
this form of lever. Here the tendons, which connect with the 
muscles which move the limbs, are attached, as in the fore-arm, 
to the bone near the joint on which the limb turns. Thus, a 
short yet powerful muscular contraction at the hips and 
shoulders gives the sweep to the legs and arms from which the 
body derives so much activity. 

27. The Compound Lever is a combination of simple levers 
acting one upon the other, whereby the power of a small force 
in overcoming a large resistance is greatly multiplied. Such 
an arrangement is shown in Fig. 20. Here A B represents a 

Fig. ao. 




lever of the first kind, which acts on a second lever, B C, and 
this again on D, a third lever ; thus enabling a small force at 
A to overcome a large resistance at D. To ascertain the 
weight or force which a given weight or. power at A will balance 
at D, we have only to multiply together the numbers express- 
ing the lengths of the arms upon the left of the three fulcrums, 
and this product into the power at A, and then divide the re- 
sult by the product arising from the continued multiplication of 
the numbers denoting the lengths of the arms on the right. If, 
for instance, the arms of the levers upon the left, be 6, 6, 6, 
and Xho&e on the right 2, 2, 2,. and the power at A one pound, 
then if (6 X 6 X 6 X 1) -^- (2 X 2 X 2) = 27 pounds, the 
weight which one pound at A will balance at D. * 

* In the TariooB calculations in mechanics, the leyers ore regarded onlj as 
imaginary lines, and no account is taken of friction, etc. ; these causes mod 
ifj somewhat the practical results. 



Examples of the third kind of lever 7 What is a compound lever T Explain 
this from4he figure. 
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1'he knee lever, hay-Gcalea, etc., are instances of the applica- 
tion of the compound lever. 

28. The W/ieel and Axle. — la raising a weight to any 
considerable height, by means of the common form of lever, it 
is necessary for this to act through a succession of interrupted 
movements. To avoid this, and enable the power to act by a 
continuous motion, the wheel and axle are employed. This, 
then, moiy be regarded as a modified form of the lever. 

This machine ia shown by Fig. 21, phere W representa the 
wheel, and A a, the axle. The 
Kg. 21. power, P, acts by means of a 

rope passing in a groove upon 
the circumference of the wlieel. 
This wheel is oftentimes sup- 
plied by levers fixed in A, lo 
, the ends of which the power ia 
applied. The resistance or 
weight, B, to be raised, k at- 
tached to a rope which winds 
around the smaller cylinder, o. 
Here the radius 6f the Jailer 
wheel corresponds to the long 
arm, and that of the Bmailer 
wheel or axle, to the short arm 
ofthelever. Accordingly equi- 
librium is obtained when the 
power applied is to the weight to be raised, or resistance to be 
overcome, as the radiusoftheaale is to that of the wheel. IfRhfl 
the radius of the wheel, and r that of the axle, then the power, P, 
and weight, B, will be in equilibrium, when P X R = B X '• 
So also the weights I), and B, will be in equiUhrium when the 

Instmices of the appllcutian of the coiapoutid lerer T In what casta is ihe 
wbeel and udo used, and ban may it be regarded ? Kiptain its openttionB ^J 
the figure. When will the power imd weight be on oqullibrium T Wlwl " 
UiewindlBffiT 
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product of 6, into the radius of the larger axle, A, is equal 
to that of B, into the radius of the smaller axle, a. The 
wifidlass, seen at W, Fig. 22, is a form of the wheel and 
axle, in which the power is applied to levers fixed in the circum- 
ference of the wheel. In this case, the rope attached to the 
weight, when this is raised, winds oflF from a smaller upon a 
lai'ger axle. In this manner a great weight may be raised by 
a small power, and with a simple machine. Such a form is 
usually termed the differential wheel and axle. 

Ilg. 22. 




The Capstan is a form of the wheel and axle usually em- 
ployed on shipboard for raising anchors, or upon wharves for 
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Describe the capstan. 
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moving vessels and other ponderous bodies. This is nsaally 
placed in a vertical position, and has levers fixed in its ki^ 
circumference, or temporarily inserted in holes provided for 
these. The form of the capstan, with the cable vrinding upon 
this, is shown at H, Fig. 22. 

Where great power is required, or where it is desired to 
transmit the power in another direction, a combination of 
wheels, connected by cords or bands, or by teeth upon their 
circumferences, is employed. Such an Arrangement acttf on 
the principle of the compound lever, already described. 

29. The Pulley^ strictly speaking, consists of a rope or 
cord sliding over a fixed point or cylinder, and acta upon the 
principle of the lever. As commonly understood, however, this 
consists of a rope moving over a grooved wheel, which turns on 
pinions, the wheel being introduced to prevent friction. The 
use of the pulley gives no increase of power, but simply affords 
a convenient mode of applying power. 

Pulleys are divided mUifij^ed and movable. At I, Fig. 22, 
is seen the simple form of the fixed wheel-pulley. Here no 
power is gained, but merely a convenient application of power 
in the moving of bodies is afforded. Thus, if a weight is to be 
raised from the ground up to the point I, it may be done with 
far less difficulty by a person pulling down upon the rope pass- 
ing over a wheel, than if the same person apply his power at I 
in pulling up on this rope. So, in raising bales of goods and 
heavy merchandise to the upper stories of warehouses, or from 
the holds of vessels, the pulley affords a highly convenient 
means of changing the direction of the power, and so fiicilitat- 
ing the expenditure of labor. 

Of what does the pulley, strictly speaking, consist ? Of what does it co°' 
sist as commonly anderatood ? What advantage does the use of the pulley 
afford? How are pulleys divided? Explain the first or simple form of 
the pulley. Where is this form employed? Is there any power gained 
by it, and, if not, what are the advantages of its use 7 
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At J, Fig. 22, is shown a fixed and a movable pulley. 
Here the weight attached to the lower blocks is supported by 
the two parts of the cord which passes around the wheel of this 
block ; and consequently the power upon the free end of the 
cord requisite to balance this weight of 4, will be 2. Hence, in 
this, as in the combinations at K and M, the power will be to 
the weight it will balance as 1 to the number of cords sup- 
porting the lower block. Thus, if 8 represent the weight at 
K, and the number of cords which support this weight be 
three, then, since each cord will sustain one third of this, the 
power at the free end pf the cord requisite to maintain the 
equilibrium will be one third the weight. So at M, where the 
weight is supported by six cords, the power to equilibriate with 
this will be one sixth the weight. 

From its portable form, cheapness of construction, and the 
facility with which it may be applied in almost every situation, 
the pulley is one of the most useful of the simple machines. 
The mechuiical advantage, however, which it appears in 
theory to possess, is considerably diminished in practice, owing 
to the stiffness of the cordage and the friction of the wheels 
and blocks. From these causes it is computed that in most 
cases two thirds of the power is lost. The pulley is much 
used in building, when weights are to be elevated to great 
heights; but its most extensive application is found in the 
rigging of ships, where almost every motion is accomphshed by 
its means. 

80. TJie Inclined Plane, — If a person, in attempting to raise 
a heavy body, as a cask for instance, find its weight unequal to 
his strength, he may accomplish his object by causing the body 
to be supported in part by an inclined surface, and exerting his 
force in a direction parallel to this inclined surface. Thus, in 

Explain the fixed and movable pulley. In these combinations of pulleys 
how is the power to the weight 7 What is said further of the use of the 
pulley T Where Ib it much used 7 Illustrate the use of the inclined plane for 
iadlltating the raiang of a heavy body. 
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loading a barrel into a wagon, a plank is laid with its lower end 
resting upon the ground, and the barrel rolled up this by a 
force much less than would be required to raise it perpendicu- 
lai'ly to the same elevation. The plank in this case forms an 
inclined plane. 

Fig. 23 presents a view of this simple machine, by which 

the weight upon the truck is 
raised to a given height by a 
force comparatively small. 
Here it will be readily seen 
that the inclined surface sus- 
tains the greater portion of the 
weight, while the power act- 
ing in the direction of the 
•^ plane sustains the remainder. 
In Fig. 23, A B is the length of the inclined plane, B C its 
base, and the distance between A C its height If the weight 
placed upon the inclined plane consist of as many pounds as 
there are inches in the length of the plane, the pressure on the 
plane will be equal to the number of inches in the base, and 
the tendency to move down the plane will be balanced by as 
many pounds as there are inches in the height ; so that the 
force requisite to draw the body up an inclined plane will be to 
the weight as the height compared with the length. 

In this as in other simple machines a gain in power is always 
attended by a corresponding loss of time. This is seen in 
roads, which when not level may be regarded as inclined planes. 
If a road be made to pass directly up the side of a steep hill, 
a far greater power, but a much shorter time, will be required 
to draw a loaded wagon to its summit, than if the road wound 
around the sides of the hill at a less angle of inclination. 



Describe this simple machine from the figure. In raising a body up an 
inclined plane, how will the power be to the weight 7 In the use of the in- 
clined plane, with what is the gain in power attended? Give an illustration. 
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31. The Wedge, — If, instead of moving a* load on an in- 
clined plane, the plane itself be moved beneath the load, it 
then becomes a wedge. Thus, if a hcavj beam be secured in 
a vertical position, and be free to move upwards and downwards, 
but not laterally, and an inclined pLine, on which its end rests, 
be forced under it, the beam will rise by the motion of the 
plane merely. Such an inclined plane becomes a wedge. 

This simple machine is formed by two inclined planes laid 
base to base, as seen in Fig. 24. 

The power requisite to force the wedge beneath 
a resisting body will increase with the increase of 
the angle of inclination of its sides. 

The wedge is used in the arts and mana£eu;tures 
where immense force is required to move a body 
through a very small space. It is, therefore, used in 
raising vessi^ls in docks, when about to be launched, 
by driving under their keels ; and also in oil-mills, 
for forcing out the oil from seeds, which are placed in 
bags between the plates of the press. It is chiefly 
used, however, in cleaving logs and masses of stone. 
Gutting and piercing instruments, as knives, shears, 
awls, etc., act on the principle of the wedge. The sides of these, 
where the power acts continuously, should form with each other a 
smaller angle, or be sharper, than where the wedge is driven by 
percussion, as in the splitting of timber, rocks, etc. 

32. The Screw. — When a road, instead of leading up a 
hill directly, winds round to its summit so as to lengthen the 
inclined plane, and thus aid the moving force, this inclined plane 
becomes a screw. In this manner a pair of stairs, winding 
around the sides of a cylindrical tower, either within or without, 
affords an instance of an inclined plane so modified as to become 




Dlustrate the principles on which the wedge acts. How is the wedge 
ibrmed ? What relatiua has the moving power of this to the inclination of its 
sides ? Where is the wedge used T On what principle do catting and pierc- 
ing instruments act ? Give illustrations of the screw. 
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Fig. 26. 



a screw.* Thus it will be seen that the screw is but another 
form of the inclined plane. This may be best illustrated by 
winding about a small cylinder a strip of paper, cut at an angle 
80 as to represent such a plane, and then tracing the course of 
its edge. This will be found to mark the direction of the 
thread of a screw, thus showing this to be but a winding in- 
clined plane. 

The form of the screw and course of the thread are shown 
by Fig. 25. 

The screw is hot applied directly to the resistance to be o¥er- 

come, as in the case of 
the inclined plane or 
wedge, but acts upon 
this through the screw- 
box, or nut. This is a 
cylindrical cavity, hav- 
ing a spiral groove 
cut around its interior 
surface to correspond 
' with the elevations of 
the screw, and in which these move. This groove of the nut 
is termed the interior screw, and the elevations of the cylinder 
moving in this, the external screw. 

33. Power is commonly applied to the screw by means of a 
lever, either attached to the nut or to the head of the screw, as 
seen in Fig. 25. By varying the length of this, the power may 
be indefinitely increased at the point of resistance. 

Where the power is applied to the end of a lever attached to 
the screw, the comparative velocities of this and the weight or 

* Olmsted. 




Of what machine is the screw a modified form ? How illustrated in ease of 
a cylinder and strip of paper ? Through what does the screw act upon the 
resistance ? Describe the screw-box or nut. How is power commonlj ap- 
plied to the screw ? Where the lever is -applied to the screw, state the relation 
between the velocities of the power and resistance. 
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resistance will be as the circamferenoe of the circle described by 
the power to the distance between the contiguous threads «f 
the screw. The same ratio of motion will also constitute the 
ratio between the power and weight when these are in equi- 
librium; and hence, the longer the lever, and the nearer the 
spirals of the thread, the greater will be the mechanical force 
exerted by the screw. 

The screw is generally used where great pressure is to be ex- 
ercised through small spaces ; hence its agency in most presses. 
Thus, in the coining of money, where a prodigious force is re- 
quired to impress the die upon the metal, the screw is employed. 
So, also, in compressing cotton, hay, and other light and bulky 
bodies, in order tiiat they may occupy the least possible space 
in transportation, this same machine usually acts a part. 

MACHINERY. 

84. All machines, however complicated, are only applications 
oT some one or more of the simple mechanical powers just de- 
scribed. Thus, if we examine carefully the various parts of a 
complex machine, as a steam-engine, or a loom for weaving, we 
shall find these formed of simple levers, wheels, screws, etc., 
combined in various ways to make up the entire whole. 

The use of machines is not to create force, but merely to 
afford a means of applying this to advantage. This is obvious 
firom the fact that these are mere inert matter, and incapable 
of doing more than to transmit the force or power imparted to 
them. In the use of the windlass for raising water from a 
weU, or coal from a mine, the application of the power to the 
crank may be made with far greater convenience than to the 
rope winding upon the axle, and to which the weight is attached 
So, in the rigging of ships, or the raising of materials for build- 
ing, a pulley is interposed between the power and the weight, 

Where is the screw generallj used 7 Of what are all machines comineed ? 
The use of machines ? Give an illnstraUon. 
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not to increase the force of the former, but merely to pve it a 
convenient and efficient direction. Whatever form of machine, 
therefore, be introduced between the power and resistance, it 
can add no mechanical energy to the former, but will, in fSwjt, 
owing to friction and other causes of resistance, intercept a 
portion of the action of this power while transmitting it from 
the point of application to its working point. 

85. Machines serve to give intensity^ direction^ and veloc- 
ity to the power. — To raise a weight of one thousand pounds 
by an unaided muscular force of two hundred pounds, would be 
impossible ; but, by interposing a lever, or a screw and lever^ in- 
tensity may be given to this force, whereby the weight shall be 
readily raised. 

In a windmill the power is the wind, which acts with a con- 
tinuous rectilinear force on the arms, while the stones, which are 
the resistance, revolve with a circular motion around a vertical 
axis. Here, as will be readily understood, the change in the 
direction of the force transmitted from the power to the resist- 
ance is effected by the use of a series of wheels. So. in a saw- 
mill, the force of the water communicates a rotary motion to 
the wheel, and this motion, by means of a crank, is converted ' 

into a reciprocating motion, as seen in the ascent and descent I 

of the saw. 

Again, if a power having a certain velocity be required to 
impart a greater or less velocity to the resistance, then a ma- 
chine must be interposed which will regulate this velocity in the 
required proportion* This i^ seen in the pulleys of a turning- 
lathe, or the wheels of a clock. 

86. The power of a moving force is expressed by the weight 
it is capable of sustaining. Thus, if a man, by his unaided 
strength, be able to raise a weight of two hundred pounds, he is 

Bo machines add to the power T What purpose do machines serreT Illus- 
trate this in case of raising a weight. In case of wind and saw nuUa. State 
the use of machines in regulating velocity. iHow is the power of a moTing 
force expressed ? Give iUustrations. 
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said to have a power equivalent to this weight. So, if a steam- 
engine be equal to overcoming a resistance of fifty tons, it is 
said to have a power of fifty tons. 

The mechanical force or momentum of a weight, is deter- 
mined by multiplying it into the space through which it moves. 
So, also, the mechanical force or momentum of a power of any 
description may be ascertained by multiplying its equivalent 
weight into the quantity of its motion. When the momentum 
of the power acting through a machine is greater or less than 
that of the weight, the motion is axx^elerated or retarded in the 
direction of the power ; but when the momentum of the power 
equals that of the weight, equilibrium is maintained between 
these. 

Thus it will be understood what is meant when it is said, in 
the use of machines, power is always gained at the expense 
of time ; for if, for instance, a small power act against a great 
resistance, the motion of the latter will be just so much slower 
than that of the power as the resistance or weight is greater 
than the power. 

37. Regulation of Force in Machines. — In order for ma- 
chines to operate successfully, it is necessary that their motions 
should be as uniform and regular as possible. For insuring 
such uniformity and regularity, various ingenious contrivances 
have been invented. 

The Balance or Fly Wheel aflFords a common and eflFect- 
ual method of equalizing motion, especially in the heavier 
kinds of machinery. This usually consists of a heavy cast-iron 
wheel, fixed on the shaft near the crank, where the power of 
the engine or other force is applied. This balance-wheel serves 
as a magazine or repository for motion, overcoming by its mo- 



How IB the momentum of a weight determined 7 The result when the mo> 
mentum of the power is greater or less than the weight 7 What is meant when 
it is said that power is always gained at the expense of time 7 What is requi- 
nte fi)r the suooessftil operation of machines? ]>e8cribe the balanoe-wheel and 
itsuaa 
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mentum, any slight irregularities in either the moving power or 

resistance. 

88. The Governor is a highly ingenious device long since 
adopted for reguhting mill-work, by regulating the quantity of 
the flow of water moving this. Its chief application has been, 
however, more recently to the steam-engine. 

This contrivance is shown in Fig. 26, where B B are two 

heavy balls, at- 
tached to the ends 
of rods, B F, B 
F, jointed at E, 
and passing through 
a mortice in the 
vertical shaft, S S'. 
As this shaft re- 
volves, centrifugal 
force causes the 
balls to fly out 
from it or spread 
themselves. At the 
same time the joints 
at F P recede from each other, causing the ring at R, to 
which the arms, F R, F R, are attached, and which is movable 
on the shaft, S S', to be drawn down. A lever, attached to the 
ring at R by a joint, has its end depressed as the ring descends 
on the shaft. This acting over the fulcrum at H, and through 
the joints at I and J, upon a second lever connected with the 
valve y, placed in the steam-pipe, causes this valve to open less 
or more, according to the distance at which the balls revolve 
from the shaft. At W is a grooved wheel fixed upon S S'. 
A cord leading around this connects with another grooved wheel 
on the main shaft or axle, whereby a speed is always transmitted 
to S S', proportionate to that of the machinery. 

Thus, as the speed of the machinery increases, the balls sep- 




Describe the GoTernor. 
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arate. the end of the lever at R is drawn down, and V closes, 
shutting off in a proportionate degree the steam, or other motive 
power. As this power diminishes the balls, B B, approach each 
other, R rises, and V opens accordingly; so rendering the 
power just requisite &r giving a uniform and regular motion to 
the machinery. 

39. The Fusee^ in W€Uchwork^ is an instance in which a 

variable power is made to com- 
municate a uniform motion. 
This may be effected by causing 
the velocity or leverage to in- 
crease as the intensity of the 
power diminishes. Let B, Fig. 
27, represent the main-spring of a watch coiled up in a barrel, 
and connected with the fusee, A, by a fine chain. When the 
watch is first wound up, by winding the chain upon A, the 
spring acts with its greatest energy ; but then the leverage of 
the wheel, which is its semi-diameter at the point where the 
chain unwinds from it, is least, being at the smaller end 
of A. This causes the chain to wind off from the spirals 
of the fusee upon the barrel slowly, increasing its rate as the 
diameter and leverage of A increase, and the force of B 
diminishes. 

Thus, with a varying force, the revolution of the fusee is 
made uniform. 

40. The Pendulum is a plummet or any heavy body sus- 
pended by a thread or small rod from a point of support, and, 
when disturbed, free to move about such a point as a centre. 
If a pendulum be drawn aside from its perpendicular or place 
of rest, and let &11, it will continue to vibrate in a vertical 
plane for several minutes, or even hours, until brought to rest 
again by the resistance of the air and friction at the point of 
support. 

DcKiibe ilie Foaee. "Whai is a Pendalam T Describe the operation of tliii. 
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Let P', Fig. 28, represent a pendulum Buspended iroin the 
point G. If ve bring this pendulum 
back to the point P, and let it fcll, 
it irill describe the arc F P", reach- 
ing P" with Buch a velocity as to be 
carried forward and rise upon the op- 
posite side of the perpendicular to 
P'; from this point it again fells, 
traversing the arc P P" P, and so 
continnea its vibrations ; each vibra- 
tJOQ describing a sntaller arc than the 
previous, until the pendulum come to 
rest at F'. 

The motion from P to F, and 
from P* to P, is termed a vibration, 
or oscillaiion, and from, either of these points to V", a semi- 
oscUlalion. 

41. Alt the vihratious of a pendulum of the same lengtK 
are performed in t// iml liiiws. — Thus, in Fig. 28, if the ball 
F be let &11 from tti:Lt point at the same instant a second ball 
is act freo at a, tlieduolivity through which the former falls will 
be greater than that through which the latter moves; conse- 
quently, its accelerated force on reaching F' will carry it forward 
throu;^h its vibration to F, in the same time that the ball at 
a moves through its vibration to a'; thus each ball will per- 
form its vibrations through different arcs, equally distant from 
the point of support, in the same time. Ihls, however, is not 
strictly true where the ore esceeds a certain limit, about 6°. 

The limes of the vibrations of pendiUuma of unequal 
lengths are as the square roots of these lengths. Suppose, 
in Fig. 28, two balls. attached to the common centre, C, be let 
&1I at the same instant from the points P and d ; these will 



la Ihe Sgare what eoiiBtitutes n, vibration, uid irhat a seml-yibnition T 
Hot do pendulums of Ihe same length vibrate T Slate the propoaitioD in re- 
gard lo the times of the TibraUona of peDduliims of lueqiul length*. Dlua- 
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perform their yibrations through the arcs P F, and d (T, in 
uneqoal times. If g? be four feet, and P nine feet £rom G, then 
will the times of their vibrations be as the square roots of these 
numbers ; so that while d performs three vibrations, P will 
make only two. 

42. The pendulum has been employed for determining the 
figure of the earthy and cls a standard of weigfUs and meas- 
ures. It is the accelerating force of gravity which produces 
the vibrations of the pendulum ; accordingly, the rate of these vi- 
brations will increase with the increase of this force. Pendulums 
of the same length are found to have different rates of vibi-ation 
at different points upon the earth's surface, and to vibrate in 
equal times require to be of varying lengths. Thus, a pendulum 
which performed its vibrations in one second at Paris, was found 
to require lengthening .09 of an inch in order to perform its 
vibrations in the same time at Spitzbergen. This variation ig 
caused by a variation in the force of gravity, and this force of 
gravity is found to vary with the distance from the earth's cen- 
tre (^ 11) ; hence, by means of the pendulum measuring the 
force of gravity at different points, the distance of these from 
the earth's centre, and, consequently, the figure of the earth, are 
determined. By this means the figure of the earth is found to 
be not a perfect sphere, but slightly flattened at the poles, so as 
to make its polar about twenty-six miles less than its equato- 
rial diameter. 

As the pendulum, in order to vibrate seconds in any place, 
must be always of the same length, it serves as an invariable 
standard of linear and cubic measures, and has been proposed as 
the universal unit of measure.* 

* The Unit of linear mensure ib the yard, which is 1.086158 of the seoond'a 
pcndulam. The unit of measures of toeight is the ayoiMupois pound, ^.y 
of acabic foot of pure water at its maximum density. In the United States, 
boweter, the pound troy (5762.88 grains) is the standard Weight ; and the 

Uses of the pendulum 7 How may it be used in determining the figure of the 
earthT 

6* 
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4S. "By far Uie most useful applicsticHi of the pendalum is to 
clocks aa a measure of lime. A pendulum vibrating alone, 
independent of an; mechanism, would measure the time whicb 
elapses during its oscillalion ; and to ascertain this vould roqiura 
only that an observer sit byand count the number of its oscilla- 
tions. If the time of one oscillation wen 
*'*'*'■ previoualj known, then the number of theae 

performed in any interval would at onoe give 
the length of such interval. But, in order 
to supersede the attention and vigilance of 
such an observer, a train of wheel-work is 
placed in connection with the pendulum, the 
movement of which it regfilates ; and in ooa- 
nection with this wheel-work are fixed the 
dial-plate and the hands of the clock, by 
which the number of vibrations or osciUaUona 
of the pendulum which take place in a day, 
or in any part of a day, is indicated and reg- 
btered.* 

Fig. 29 ^ows the manner in which the 
pendulum regulates the movements of the 
clock. A toothed wheel is fixed upon an 
axis, around which winds a cord ; to the end 
of this cord is attached a weight, W. Were 
there nothing to intercept, this weight would 
&11 with an accelerated velocity, causing a 
proportionate revolution of the wheel; its 
progress, as that of the wheel, is, however, 
arrested by the pallets, F P', attached to the 

Wincheater bushel (2150.4 cnbio inoliea, or 77.6274 ponnds of pure nter) Ifaa 
■tand&nl far dry mauurt, while the English wine gallon (281 cubic inolMi, or 
E.38G ftvoirdnpoiB pure Water) la the standard for liquid tntaxan, 
' LttTdner. 
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njDs around which the pendulum vibrates* Thus, when the pen* 
dulam is in the position seen in the figure, the revolution of the 
wheel is arrested bj the pallet, F. As the pendulum swings 
back, P rises, and allows the wheel to move one tooth, when it 
is again arrested by the pallet, P, which descends and meets the 
tooth beneath it. Thus, with each oscillation of the pendulum 
a tooth escapes, and hence the term escapement applied to this 
contrivance. In this waj a continued motion is given to the 
pendulum, which in turn regulates the movements of the clock. 
By interposing a sufficient number of wheels between the pen- 
dolum and the weight, clocks aire made to run a month, or even 
a year, without winding. 

44. Friction offers the chief resistance to moving bodies. 
This is of two kinds, sliding and roUing. When a heavy body 
having a polished sur&ce is made to slide over another polished 
surface, the friction between the two surfaces is considerable. 
This is due to the minute irregularities on these surfaces. Oil, 
tallow, or plumbago, applied, serves to fill up and smooth these 
irregularities, and thus diminish friction. Friction produced by 
rolling bodies is &x less than that produced from sliding bodies 
of equal weight ; thus the same weight supported on wheels is 
moved with far less force than when resting on a drag. The 
friction of a machine is commonly estimated as equal to one third 
its power. 



PRACTICAL PROBLEMS IN MECHANICS. 

1. In a lever of the^r^^ kind, 6 feet in length, the power is 75 
and the weight 150 lbs. ; where must the iulcrum be placed that 
these may balance ? (§ 24.) 

2. If a lever of ih^ first kind, 8 feet long, have its fiilcmm 2 feet 

How does firictioii affect moying bodks 7 Kinds of firiction 7 Explnin the 
eSeetB of fricUon and causes of these effects. How mnj this be overcome 7 
What portion of the power of a '^ifwhma is estimated as destroyed by friction 7 
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from the weight at one end, and this weight be 450 lbs., what power 
at the other end of the lever will balance ? 

3. A lever of the second kind is 20 feet long ; at what distance 
from the fulcram most a weight of 80 lbs. be placed, so that it may 
be sustained bj a power of 60 lbs. ? 

4. From a pole 8 feet long, resting on the shoulders of two men, 
IS suspended a weight of 220 lbs., the point of suspension being 8 
feet from the first, and 2 feet from the second man ; what weight will 
each sustain 7 

5. In a lever of the third kind, 6 feet long, if a power of 150 
lbs. be applied 2 feet from the fulcrum, what weight will it raise at 
the other end of the lever 7 

6. In the compound lever, Fig. 20, what wei^t at D will a 
power of 75 lbs. applied at A raise 7 

7. A power of GO lbs. acts on a wheel 8 feet in diameter ; what 
weight suspended from a rope winding round an axle 10 inches in 
diameter will balance this power 7 

8. In a £j8tem of pulleys shown at K, Fig. 22, what weight will 
a power of 100 lbs. sustain 7 

9. In the system shown at M, Fig. 22, what weight will a power 
of 50 lbs. sustain 7 

10. If a man has just strength sufficient to lift a barrel of flour, 
weighing 196 lbs., perpendicularly, so as to load it into a wagon 3 
feet high, whal weight could he raise by means of a plank, with one 
end resting upon the wagon, and the other on the ground 10 feet 
j&om this 7 

[In this case the power (196 lbs.) is to the weight as the hmght 
(3 feet) of the plane is to its length (10 feet).] 

11. With what force will a weight of 1,200 lbs. press on an in- 
clined plane, the length of which is 40 feet and the base 25 feet 7 

[The weight is to the pressure upon the plane as the length of the 
plane is to its base.] 

12. Suppose a power of 60 lbs. be applied at the end of a lever 
4 feet long, attached to a screw, the distance between the threads of 
which is I of an inch ; what weight will such a power sustain 7 
(* 33.) 

13. If the length of a pendulum- to vibrate seconds at Boston 
be 89,101 inches, how long must it be to vibrato half seconds? 
(^ 41.) 
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HYDROSTATICS. 

45. Htdrostatics is that branch of natural philosophy 
wliich treats of the mechanical properties of liquids. 

Liquids when at rest transmit their presstwe equally in 
all directions, — It is this remarkable property ^hich partic- 
ularly distinguishes liquids from solids ; for, while the latter 
press only downwards in the direction of gravity, liquids press 
in all directions, — downwards, upwards, and sideways. Thus, 
if the downward pressure of a liquid confined in a vessel be 
known for any depth below its surface, experiment shows its 
lateral and upward forces at this depth to be the same. 

It is on this principle that the hydrostatic paradox is 
founded, which consists in the fact of a small column of water 
balancing a larger. Thus, in a teapot filled with liquid, the 
small column of this in the neck balances the larger in the 
body of the vessel, causing both to stand at the same level. 

46. If a quantity of liquid be confined in a vessel, a mechan- 
ical* force exerted on any portion of it will be at once trans- 
mitted through the whole mass. Thus, if a large and tight 
cistern filled with water have two small holes through remote 
parts of its top, upon forcing a cork into one of these, the 
pressure exerted upon the liquid directly beneath this will be 
instantly transmitted through the whole mass and felt at the 
other opening.^ 

* Owing to the speed and fkcilitj with which liquids transmit a pressare 
upon them, tubes filled with water hare been in some instances employed for 
transmitting signals between places separated by a distance of several miles. 

Define Hydroetatics. State the proposition in regard to liquids at rest. 
On what principle is the hydrostatic paradox founded? Illustration T How 
is the pressure upon any portion of a mass of liquid transmitted T Illus- 
tration? 
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The Hydrostatic Press acta on this principle. This won- 

^ derful machine may be illustrated by 

Fig. 30. In a small cylinder, A B, 

I mores the piston of a forcing-pump ; 

this connects, through a tube leading 

from its side at B, with amnch Isrger 

cylinder, CD. In this moves alao a 

piston, having the upper end of its rod 

at E pressed against a movable plank 

I or iron plate, surrounded by a strong 

framework ; between this plank and the 

beam above ia placed tbe substance to be pressed. By the 

action of the pump-handle water ia raised into the cylinder. A, 

and on depres^ng the piston it ia forced out through a vatre 

at B and a pipe into the larger cylinder, C D, where it acts to 

raise the larger pbton, and causes it to exert its whole force 

upon tbe objects confined between the planks or plates of tbe 

press. 

Now, as h'quids transmit tbe pressure upon any portion of 
them in all directions, it follows that the pressure' upon the 
piston at B will be transmitted to tbe pbton in G D, increased 
in proportion as the area of tbe bottom of this exceeds the 
area, of that at B. 

Thus tbe power of such a machine becomes surprisingly 
great; for, suppose the area of tbe end of the larger to be 
one hundred times that of the amaller piston, then, if, by means 
of the lever-handle, a pressure of one hundred pounds be 
exerted upon the smaller piston, it will transmit this pressure 
to every equal area upon the bottom of tbe larger, causing this 
to exert a force at E of ten thousand pounds. By tbia 
machine, the force <Sf a child exerted upon the lever-handle 
nay be sufficient to crush the most stubborn objects. 

EiplaJD tha Mtion of the Hydroetatio Press. What U Vkid of tbe force at 
thisT ninstnle tha ratio of tho power to the reaiBtaaoe by the area of thi 
two pietoDS. 
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Fignre 31 exhibits a sectional view of another form of the 
Hydrostatic Fi-ess for measoring the amount of the force 



exerted. Here the liquid is represented as pumped from a 
vessel through a tube attached to the bottom of the smaller 
cylinder, and forced through a drop- valve in the bottom of the 
larger. A small pipe leading from the bottom of the larger 
cylinder is provided with a stop-cock, to which a hose may he 
attached and a stream of water thrown to a great distance hy 
hydrostatic pressure. The end of a lever, placed beneath a 
bracket fastened to the wall, may rest upon the upper extremity 
of the piston-rod as a fulcrum. In this manner the pressure 
* which the larger piston sustains may be determined. 

47- The action of the Hydrostatic Press is based upon the 
principle that opposing forces are in equilibrium when their 
momenta are equal. Thus the momentum of the smaller piston 
may be regarded as the product of the space through which it 
moves into the area of its bottom ; and the same also in regard 
to the larger. If the area of the larger piston be one hundred 
times that of the smaller, and the latter descend one inch, the 
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larger piston will be raised onlj ^j^ of an inch. Thus, a small 
power upon the smaller piston may be made to balance a great 
weight upon the I&rger, by making the space moved pver by the 
former as much greater than that moved over by the latter 
as the resistance or weight upon the larger exceeds the feree 
exerted on the smaller piston. 

48. The surface of a liquid when at rest is level -^ The 
property in liquids of maintaining a horizontal surface is due 
to tibe slight cohesion among their particles, which allows them 
to yield to the tendency of matter to gravitate towarda the 
earth's centre. Mountains and hills would flow down, and the 
whole surfiu^ of the globe become uniformly level, were it not 
for the cohesion among their particles, which is superior to their 
gravitating force. 

This tendency of liquids to maintain a level, under all cir- 
cumstances, may be illustrated by an arrangement seen in 

Fig. 32. Fig- 32. Several 

glass vessels of differ- 
ent shapes are fixed 
in a stand, and con- 
nected by a pipe 
leading between their 
bottoms. If now water be poured into either of these, it will 
flow along the pipe, and be found to rise to the same height or 
level in each of the other vessels. Hence it'is that aqueducts 
may be made to convey water over uneven surfaces, as hills 
and valleys, provided the point of delivery be not higher than 
the source from whence it flows. The play of the property in 
virtue of which liquids maintain their level, explains an infinite 
variety of important and interesting phenomena attending the 
circulation of water on the surface of the globe. By the nat- 




State the propositioB in regard to the sur&ce of a liquid at rest Cause of 
this level T What does Fig. 82 illostrate? Why is it that aquedaota may bt 
made to oonTcy water oyer uneTen sarfiMes 7 
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ural process of evaporation, the clonds become charged with 
yapor, and are attracted bj the lofty ridges of mountains, and 
all other elevated parts of the land around which they collect, 
and upon which they discharge their contents. 

The water thus deposited upon the highest parts of the 
globe has a constant tendency to return to the general level of 
the sea, and, in finding its way thither, gives rise to the phe- 
nomena of streams, rivers, cataracts, lakes, springs, and all the 
infinite variety of effects attending the movement of water wit- 
'*«• 83. nessed over the earth's surface. If the 

waters which fall from the clouds encoun- 
ter a soil not easily penetrable, they 
collect in rills, and form streams and 
rivulets, and descend along the sides of 
the elevation, seeking constantly a lower 
level. JThese encounter in their course 
other stieams, with which they unite, until 
they at length swell into a river, winding 
and widening in its course until its waters 
are again restored to the ocean, from 
whence they were taken. Throughout the 
whole of these phenomena the principle 
in operation is the tendency of liquids to 
maintain their level.* 

49. The pressure exerted by a col- 
umn of liquid is as its height^ and not 
Us its quantity. — This proposition may 
be illustrated by the Hydrostatic Bel- 
hwSf Fig. 33. This instrument consists 
of two boards united by a flexible leather 
or cloth like a common bellows. A ver- 

*Lardner. 




Explain the phenomena of the formation and flow of Btreams on the earth's 
sarihce. State propoeiUon in section 49. By what instrument may this be 
Ohifltrated? Describe the Hydrostatic BeUows and manner of ita use. 

6 
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tical tube attached to the side commanicates with the interior 
space. 

ExperimetU. — The bellows, when empty, may be loaded 
with weights. Water poured into the tube will be found to 
raise the upper board and weights, and, as the height of the 
vertical column in the tube is increased, so, in like proportion, 
may the weights upon the bellows be increased and supported* 
In this experiment it matters not in regard to the size of the 
tube ; the column in the forms represented in the figure, will 
exert the same pressure at the same height, f The upbraid 
pressure upon the upper board of the bellows, will be equal to the 
weight of a colunm of water resting on an area equal to this 
board, and of the same vertical height of the liquid in the tabe. 
Pif . 34. Fig. 84 exhibits another form 

of the same instrument,, where the 
upper board is divided into one 
hundred squares, each having the 
same sectional area as the square 
tube containing the vertical column. 
Thus the proportional areas of the 
columns of the tube and bellows 
are definitely shown. At B is a 
By*"^^ -_T jiEg==J^ three-way stop-cock, by which the 

communication between the tube 

* 

and bellows is cut off; the water may be dra^n &om the bel- 
lows, and not from the tube, or from the tube, and not from the 
bellows ; or it may be closed to eithef, while the tube is re- 
moved and another introduced. 



\ 




* A small qanntity of water shonld be poui^ into the bellows, Boffident to 
separate the boards a trifle^ before placing the weights upon these. 

t Diflferent forms and sizes of tubes, with their funnels, are represented in 
the figure. These tubes are made to screw together, so as to increase the 
height of the column. 

To what is the upward pressure upon the upper board equal 7 
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. Experiment a, — That the pressure of a liquid is as its height 
maj be illustrated by inserting a long tube in the end of a 
strong cask, and then pouring in water. As the cask becomes 
filled, and the liquid rises in the tube, a pressure will be exerted 
proportional to its height In this manner the column of water 
contained in a small tube may be made to burst the strongest 
cask. 

From the same cause, rocks are sometimes cleft asunder,, and 
the sides of mountains forced off; water penetrating the earth 
to great depths, and filling cavities in these, and then rising in 
the entrance so as to exert a hydrostatic pressure equal to these 
results. 

50. The pressure upon the bottom of a vessel, containing 
a liquidy is not affected by the shape of the vessel, but is as 
the depth below the surface of the liquid. Thus, whether the 
Tessel have its sides diverging, converging or perpendicular, 
the pressiire upon a bottom of the same area and depth will be 
equal. 

This may be experimentally verified by the apparatus seen in 

Fig. S6. 



- A 



ir 




Fig. 35. Here a brass tube, mounted on a stand, has its lower 
extremity entering a basin of water ; upon the top is screwed a 



How may the same proportion be illostrnted by means of a strong cask and 
tube ! Other illustrations ? State the proposition in section 50. Explain the 
iUostration of this proposition by the figure. 
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broad glass funnel ; a plunger, nicelj fitted to the brass tube, is 
attached bj a small chain to the end of a scale-beam. When 
the funnel is filled with water to a given height, — say seven 
inches, — balance the scale-beam by weights placed in the op- 
posite scale-pan ; the pressure of the liquid upon the plunger, 
with this arrangement,* may be thus ascertained. Now remove 
the funnel, and substitute the glass tube A, of the same sectional 
area as the brass one ; fill this with liquid to the height of seven 
inches, and ascertain the pressure sustained by the plunger as 
before ; remove this, and in its place substitute the small tall 
tube D, and fill to the same height, and ascertain the pressure 
upon the plunger, as in the two previous instances. In each in- 
stance the pressure of the liquid upon the plunger will be found 
the same ; proving this pressure to be not affected by the shape 
of the vessel, but as the depth below the surface. 

51. Since the pressure of liquids increases with the depth, a 
proper regard should be had for this in the construction of 
dams and embankments for confining water, causing these 
gradually to increase in thickness and strength from the top 
towards the bottom.* 

Striking illustrations of the increase of pressure, in de- 
scending below the surface of liquids, are furnished by sinking 
bodies in the ocean. Thus, if an empty bottle, tightly corked. 






* The following table Bbows the pressure of water in pounds, at Tariom 
depths: 



Depth Id feet. 


Pressure per square ioch. 


Pressure per square iboL 




lbs. 


lbs. 




1 


0.433 


62 828 




2 


0.866 


124.646 




8 


1.298 


186.969 




4 


1.731 


249.292 




6 


2.164 


811.616 




6 


2.596 


873.939 




7 


3.029 


436.262 




8 


3462 


498.686 




9 


8.896 


660.908 




10 


4.328* 


623.232 





Where should this pressure of liquids be regarded? 
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be simk, bj weights attached, to a certain depth, — say five or 
six hundred feet, — it will be either crushed or the cork forced 
in ; showing the enormous pressure to which it is subjected at 
that depth. 

If a piece of wood, which floats on the surface of the water, 
be sunk in the same manner, the liquid will be forced into its 
pores by the surrounding pressure, so that it will be unable 
again to rise to the surface. 

In plunging below a certain depth, divers often find the pres- 
sure so great as to rupture the more delicate vessels of the bod j, 
and do serious injury. It is said that the Greenland whale 
sometimes descends to the depth of a mile, but always comes up 
Piff. ae. exhausted and spouting blood ; showing that the pressure 
had so acted on the vessels as to cause them to dis- 
charge a portion of their contents into the lungs. 

52. Whether water be compressible or not is a dis- 
puted question among philosophers. The following ex- 
periments, performed before the secretary and regents 
of the Smithsonian Institute, in 1849, go far towards 
substantiating the idea that it is non-compressible. 
Fig. 36 gives a partial view of the apparatus em- 
ployed ; and the manner of using this may be learned 
from the following 
Experiment, — Fill with water the small bottle, to the 
tubular neck of which is affixed a minute scale. Place in the 
small cup at the top of this neck, a globule of mercury ; lower 
this small bottle thus prepared into the strong glass cylinder ; 
be»de it may be placed a small condensing-guage for showing 
the degree of the compression. Fill the cylinder with water, 
and enter the screw, which works air-tight^ through the thick 
brass cap. The water in the cylinder will undergo a powerful 



Give illiutratioiis of the pressure exerted by liqaids in case of a tight bottle 
sank in the ocean. In case of wood. Results of diving below a certain 
depth? Case of the whale T What is said of the question in regard to th< 
wmpresalhility of water 7 

6* 
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compresBion, which will set on that in the bottle, causiriff it to 
occupy less space, as denoted bjr the sinking of the mercur; ia 
the tube or nock. This might be considered a satisEictmy 
proof of the compressibility of the water in the bottle, and 
hence of liquids generally, were the experiments to end here. 
Experiment a. — Now remove the small bottle from the cyl- 
,^ ^ inder, Fig. 36 ; invert and suspend it from a 

tf-A sliding-rodnnder the receiver of an air-pomp, 
'Ji' ^'^- '^'^< ^^ ^ manner similar to that seen in 
Fig. 37 ; draw up the sliding-rod so that the 
J^iy^j^^^ mouth of the bottle shall just clear the wa- 
I ter in the jar. Exhaust thoroughly, so as to 

- &ee the water, as far aa possible, of its air; 

- then let the neck into the water, &nd admit 
the air slowly into the receiver again. Hie 

y^HlSl^^? ... bottle is now filled with water, nearly &eed 
" I from air. Invert and place a globule of mer- 
i cury in the cup, as before, and arrange the 
I whole in the glass cylinder, as in the last ez- 
I periment. Work down the screw-plug, and 
, ^r, ~ MLK- ^^ vater in the small bottle ntyw undergoea 
' .* i-O^? ' "" perceptible diminution of its volume; 
*k' tKk ■ t. proving that in the celebrated experimratby 
Professor Oersted, bo generally copied, it is the air in the 
water, and not the water itself, which undergoes compression. 

BPECTFIC GRAVITT: 

53. If a solid body be accurately weighed in ur, and then 
immersed in a vessel filled to the brim with water, and weighed 
again, it will be found to have lost in weight, or to be buoyed 
up by a force exactly equal to the weight of the water displaced * 
by the solid, and which has Sowed over the sides of the vessel. 

Remit of experimend? What is said of ■ Bo!id body weighed in ur uid 
(lieii In water r What ia thim diBenuca is the weight of the bod; equal T 
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The difference, therefore, between the weight of the body in air 
and in water, will be the weight of a quantity of water of the 
same bulk as the solid body. If this quantity be heavier than 
the solid, it will float ; but, if lighter, the solid will sink. 

The specific gravity of a body is its weight compared with 
the weight of an equal bulk of some fluid. Pure water is 
usually taken as the standard for solids, and air for gases. If 
the weight of water be taken as unity, the weight of an equal 
bulk of a solid, heavier or lighter than this, will be expressed 
by a number greater or less than unity. 

64. To find the specific gravity of a solid body heavier 
than water, — Ascertain its weight in air, and then again in 
water, and divide its former weight by the difference between 
the two weights ; the quotient will express the specific gravity 
of the solid. 

To find the specific gravity of a body lighter tha?i water. 
— Tie to it any heavy solid, whose weight in air and water 
is known, and sink the whole in water. Weigh the compound 
both in air and water, and ascertain the loss of weight; 
then, knowing the weight lost by weighing the heavy body by 
itself in water, ascertain the difference of these losses, and divide 
the weight of the lighter body by this difference ; the quotient 

will be its specific gravity. If the body be 
^"^ Tf\ soluble in water, it may be covered with a 

coating of varnish, or be weighed in some 
other liquid whose specific gravity in relation 
to water is known, and which will not dissolve 
the solid. Fig. 38 exhibits a convenient ar- 
rangement of the scales, and the manner of 
suspending the body in water for finding its 
specific gravity. The body should be, if pos- 

What d* yon mean by the apeoific gravity of a body 7 What is taken as the 
standard for solids? For gases? What rule for finding the specific gravity 
of a solid heavier than water ? Rule for one lighter than water? What does 
Fig. 88 show 7 How should the body be suspended 7 




\ 
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Bible, suspended bj a horSe-hair, or fine waxed thread, iiibere 
nice calculations are required.'* 

55. . To detertnifie the specific gravity of a liqtdcL — As- 
certain the weight of a given quantity of pure water in a small 
yial, and then the weight of an equal quantity of the liquid in 
the same vial ; divide the weight of the liquid bj that of the 
water, and the quotient will be the specific gravity of the liquid. 

There are various other modes of determining the specific 
weights of solids and liquids. We have only given such as are 
more simple and easy of performance. 

The Hydrometer is an instrument used in commerce for de- 
termining at once the specific gravity of liquors, such as alcohol, 
acids, etc., and thereby the degree of their purity. The indi- 
cations of this instrument all depend on the fact that a solid 
body, when it floats in a liquid, displaces a quantity of this | 
equal to its own weight ; consequently, if the liquid be heavier | 
or lighter, bulk for bulk, than pure water, the hydrometer will 
sink or rise proportionally below or above the point at which it 
stands in the latter, f 

* Table showing the specific wdghts of certain solids at their greatest den- 
sity. 

Platinum 22.06 

Gold 19.86 

Copper, 8.87 

Iron 7.78 

Tin, 7.29 

Flint glass, 8.87 

Marble 2.88 

Book crystal, • • • • ^^ 

Potassium •••••• 86 

t Table showing the speoiflo gravity of certua liquids at their greatest den- 
sity. 

Distilled water, 1.00 

Mercury, 18.59 

Concentrated sulphuric acid, 1.84 

How may the specific gravity of a liqi^ be Ibnnd 7 What is the Hydnun 
eter 7 On what principle does it aet 7 
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Fig. 39 exhibits a common form of the hydrometer. This 
may be of glass or metal, and consists of two bulbs, to the lar- 
ger and upper of which is attached a small stem, graduated from 

^ _ the top downw;irds. In the lower and smaller bulb 

fig. 39. '^ 

IS placed some mercury, or shot, sufiScient to sink 

~ '^ the bulb to a certain depth, and cause the stem to 

maintain a vertical position. The point at which 

the instrument stands in pure water, at its greatest 

density, is marked 0; that at which it 

^^^ stands in pure alcohol, 100. The add- '*'-^' 

teration of alcohol and other liquids 

lighter than water will add to their weight, 

.^^ which will be at once shown by the less 

■100 •' 

d^pth to which the hydrometer will sink in 
these. For determining the specific grav- 
ities of acids and liquids heavier than water, ^ 
a diflFerent graduation is required, and a 
small circular lead weight is slipped on the 
neck between the bulbs. Such is shown by Fig. 40. 
66. Bodies float on water agreeably with principles just con- 
sidered. Thus, a ship Liden with a heavy cargo is buoyed up 
from tlie fact that the weight of the water it displaces equals that 
of the entire ship and cargo. =^ So a tin pan or an iron boat floats, 

Faming nitrio acid, •••;. 1.45 

CoDcentrated hydroohlorio acid, ••..•• 1.20 

Pure alcohol, 79 

Ether, 71 

Sea-water, 1.02 • 

Milk, 1.08 

Naphtha, 84 

* Bj knowirij; the weight of a given bulk of water (a cubic foot), and then 
having the cubical dimensions of a vessel given, its tonnage may be readily de- 
termined, lliis may b^ found by subtnicting the weight of the water dis- 

Constroction of the hydrometer? How used? Why do bodies float on 
UqnidsT 
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although made of materials whose specific grayities &r exceed 
that of water, since thej are so formed as to displace a weight 
of water equal to that of their own weight 

The human body, when the lungs are filled with air, is a 
trifle lighter than the same bulk of water, and, consequentlj, 
floats on this. In breathing out the air from the lun^ it 
becomes heavier, and so to maintain itself on the sur&ce requires 
a slight effort with the hands and feet. The bodies of some 
persons are lighter, bulk for bulk, than others ; such are more 
buoyed up, and consequently swim with less efiR)rt. The bodies 
of drowned persons, after being beneath the surface a certain 
time, rise and float, owing to the inflation of the body bj gases 
generated in decomposition. 

LIQUIDS IN MOTION. 

57. The branch of Hydrostatics which considers the flow of 
liquids through orifices in the sides of vessels, through pipes, in 
rivers, canals, etc., and their effects on solid bodies moving in 
them, is termed Hydraulics. 

The various contingent causes which act to modify the flow 
of liquids render it not easy to bring this class of phenomena 
within fixed and prescribed rules. The analogy, however, 
between the effects of liquids and solids in motion, may be traced 
to a certain extent. 

4 

placed when the vessel is unladen, from the weight it will displace when 
loaded down to a certain point .; the difiference will give the weight of the 
cargo or tonnage It will carry. Camels, used in taking loaded ships OTer 
sand-hars, consist of tight and strong wooden hoxee or tanks of large dimen- 
sions, attached while empty to the sides of the ship ; the buoyancy of these 
prevents the vessel from drawing as much water or sinking as deep as it 
otiiorwise would. 

State the case in regard to the human body. Why are some persons buoyed 
up more than others 7 Why do the bodies of drcyirned persons after a certain 
time riee to the sorfiiMe T Define Hydraulics. What is said in r!|gud to the 
flow of liquids 7 
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7^ square of the velocity of a liquid escaping from an 
opening in the side of a vessel is as the depth below the sur- 
face. — This may be inferred from the fact already stated 
($ 49), that the pressure of a liquid is as its depth. If several 
openings be made in the side of a vessel filled with water at the 
depth of one, four, nine, and sixteen feet, the velocities with 
which the liquid will escape from these will be in the propor- 
tion of one, two. three, and four. Thus, by knowing the 
Telocity at any given depth, the velocity of the liguid at any 
other depth may be readily determined. 

58. A liquid escaping from a reservoir, through a jet, open- 
ing upwards, would rise as high as the surface o^ the liquid in 
the reservoir, provided it encountered no friction or resistance 
of the air. The pressure of a liquid at any depth corresponds 
to the velocity of a falling solid at that depth ; now, since a 
solid body acquires in falling from a given height a velocity 
sufficient to carry it up again to that height, so will a liquid 
issuing vertically upwards from a jet rise as high as the surface 
of the liquid in the reservoir, provided it be not obstructed by 
the causes just mentioned. 

The rate of the flow of a liquid from a reservoir is greater 
through a short pipe, whose length bears a certain* ratio to the 
orifice, than through the orifice alone. 

69. The resistance offered to a solid body moving through 
a liquid varies with the form of the solid. — It the surface 
presented to the liquid by a body moved perpendicularly against 
it, be flat, the resistance will vary with the magnitude of the 
sur&ce. If, instead of being presented perpendicularly to the 
liquid, the surface be presented obliquely with respect. to the 
direction of its motion, the resistance will be diminished on two 
accounts ; first, the quantity of liquid displaced will be less, 
and, second, the action of the surface in displacing it will have 

Stata tlie proposition in regard to the flow of a liquid from openings In the 
side of a vesseL Dlustratie thiiL State the proposition in section 69. IUqs- 
•rate thlii 
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the mechanical advantage of an inclined plane or wedgo, so that, 

instead of driving the liquid forward, it will, in some measure, 

push it aside. 

The success in naval architecture depends upon a proper 

regard to these principles.* 

60. The force of water in motion renders it highly serviee- 

able as a motive power, and accordingly it is extensively applied 

in mechanical and manufacturing operations. Its application is 

usually to wheels, against which it exerts its 
force in various ways. The three common 
forms of water-wheels are the overshot^ the 
ufider^shot, and the breast-wheeL In the 
first, the water exerts its force upon the upper 
descending side of the wheel ; in the second, 
upon the floats against which it flows upon 
the underside ; in the breast-wheel, the water 
falls on a point nearly in a line with the axis, 
and acts chiefly by its weight 

A novel form of acquiring water-power 
has been, in some instances, resorted to by a 
contrivance known as Barker's Mill, where 
water is made to flow down a tube, and out 
through openings made on opposite sides 
near the extremities of two horizontal tubular 
arms. The unequal pressure exerted on the 
sides of these arms near their extremities by 
iw I these discharges of the liquid causes them to 

^^^^ revolve and turn a vertical shaft moving in the 
vertical tube, and to the upper end of which 

the machinery is attached. The principle of Barker's Mill 

* Lardner. 




On what does the saooeas of naral arohiteotare depend 7 What m said of 
the force of water in motion 7 How is it usually applied 7 The kinds of water, 
wheels 7 How does the water exert its foroe on them 7 What is said of Bar> 
ker*s MillT Its oonstmotion and manner of operating 7 



ARCHIMEDES' SCREW. 



78 



may be illustrated by a simple arrangement, seen in Fig. 41, 
where a revolving jet is attached to the lower extremity of a 
spall tube provided with a funnel, and into which water is 
poured. The flow of water in opposite directions from the 
jet will cause it to revolve rapidly. 

61. Archimedes^ Screw is a hydraulic instrument invented 
by Archimedes, for di-aining certain portions of the valley of the 
Nile after the overflowings of the river. It was also used by the 
ancients, before the discovery of pumps, as a means of clearing 
the holds of vessels from water. 

This machine is represented in Fig. 42, and consists of a 
tube wound in a spiral form about a cylinder. This cylinder is 
placed at a certain inclination, with its lower extremity resting 

in the water. As 
''' ^^^A >^ the cylinder is made 

to revolve, the end 
of the tube dips in- 
to water, and takes 
up within it a por- 
tion of this; this 
water continually 
flows to the under 
side of the tube, 
and, if the cylinder 
have not an angle with the horizon too great, the liquid will be 
raised and discharged out through the upper end of the tube. 




PRACTICAL PROBLEMS IN HYDROSTATICS. 

1. What pressure will a bottle, with a superficial area of 1 square 
foot, sustain when lowered into the sea to the depth of 500 feet? 
[The pressure will be equal to the weight of 500 cubic feet of water. 
Sec i 51.] 

What is said of the ArchimedeB* Screw t Explain its conBtraction and man- 
ner of operatinff. 

7 
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2. If a cubical box, each side of which contains 9 sqaare feet, 
be filled with water, and then a tube, inserted in its top, be also 
filled to the height of 25 feet, what pressure will be exerted on each 
side by the water in the tube alone, and what on the whole interior 
surface of the box ? 

3. IVhat pressure will be sustained bj a plank, 14 feet long and 
16 inches wide, placed along the bottom of a flume 8 feet below the 
surface of the water ? 

•4. What weight of water will a hollow sphere contain, the into^ 
ual diameter of which is 10 inches, allowing a cubic inch of water to 
weigh .54 of an ounce troy ? 

5. If a stone weigh 12 lbs. in air, and 8.58 lbs. in water, what 
is its specific gravity ? (§ 54.) 

6. What is the specific gravity of a piece of ebony which weighs 
14 lbs. in air and 8 lbs. in water 7 

7. A piece of iron weighed 18| ounces in air, -and 16 ounc^ in 
a liquid ; what was the specific gravity of the liquid ? {§ 53.) 

8. What is the weight of a block of granite 10 feet long, 3 feet 
wide, and 2 feet thick, the specific gravity of granite being 2.75, and 
a cubic foot of water weighing 1000 ounces avoirdupois ? 

9. What is the tonnage of a vessel which, upon receiving a lull 
freight, displaces 2,420 cubic feet of water more than when empty? 

10. What weight of mercury will an iron bottle holding 850 
cubic inches contain ? 

11. What pressure will the body of a pearl-diver sustain at a dc^ih 
of 60 feet below the surface of the water, supposing the body to have 
a superficial area of 6 square feet, and the weight of a cubic fi>ot of 
water to be 62^ lbs. ? 

12. Fishes have been drawn firom the ocean at a depth of 2,800 
feet ; at this depth, what pressure would one, having a superficial 
area of 1 square foot, sustain ? 



INTBODUCTION TO PNEUMATICS, AND DESCRIP- 
TION OF INSTRUMENTS.* 

62. That class of fluids which are produced from solid and 
liquid bodies bj the agency of heat are tirmed vapors. Such 



aalDtoiu their clasti-j form only so long as they arc aubjccted 
■ If desired bj tii« iusU'uctor, this introdDCtion naj be omttUd. 
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to the influence of heat in various degrees. Steam, for exam- 
ple, which is produced from boiling water, is readily condensed, 
and made to resume its liquid state upon the removal of the 
heat. Bodies, however, which maintain their elasticity at all 
' temperatures, are said to be permanently elastic. Such are 
Jmown as Gases. 

Of elastic fluids Atmospheric Air affords one of the best 
examples, being, unlike steam and many of the gases, permar 
nently elastic. This may, therefore, be employed to illustrate 
the mechanical properties common to all elastic vapors. 

Air, in the strict sense, is a compound of the two gases, 
oxygen and nitrogen, mechanically mixed in certain definite 
and unvarying proportions — the term atmosphere being applied 
to the whole body of gaseous matter that surrounds the 
earth, including, besides air, watery vapor, and a variety of 
attenuated matter commingled. 

The varied and important relations of the atmospheFe td 
map's being and happiness render it especially deserving his 
careful study. By its vital energy he lives and moves, while its 
forces contribute in many ways to his convenience and comfort 

For illustrating successfully its mechanical properties, instru- 
ments of great delicacy and perfection of operation are required. 
Some of the more important of these we shall here explain, 
describing briefly their construction, uses, and liabilities, and 
the requisites for their successful operation. No written 
description of a pneumatic apparatus can, however, supersede 
the necessity of practical illustnitions by the instructor. 

63. The Air-Pump, — This instrument is employed for re- 
moving the air from the various forms of receivers, and is by far 
the most important instrument for illustrating the mechanical 
properties of air. A defect in this, or a want of the requisite 



What is said of air as an elastic fluid ? What is the composition of lur ? 
What does the term atmosphere comprehend 7 Why is the atmosphere des<erv> 
ing of careful study ? What are necessary fur illuytrating the mechanical 
properties of air 7 For vrhat is the Air-Pump employed 7 
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Bkill on the part of the operator, will be often attended bj a 
general failure, however perfect be the minor instruments of a 
pDeumatic set. As elementary works upon natural philosophy 
seldom give any serviceable hints in regard to the liabilities of 
Eiilure in the use of this, or practical directions how to remedy 
these when they occur, we have thought it advisable here to 
offer such as in our judgment may seem most needed. 



64. Description of the Air-Pump.*—Yig. 44 showBaform 
of the American Lever Exhavst-Pump, now generally used 
it band, the papil ma; describe the parti 



Vbat ia «iLiil o! its importance id pneumatic iUiutcationsT 

7. 
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in the larger scientific institutions of the country, and recom- 
mended by its simple construction and the rapidity and perfec- 
tion of its exhaustion. Within the barrel A, which stands upoa 
the lower basement, moves a thin and nicely-packed piston. 
Upon the upper side of this piston is a small drop-valve, which 
plays freely up and down on the piston-rod, closing over two 
holes, which admit the air up through the piston. Beneath a 
small dome-cap, 6, on the top of the barrel is placed a clapper^ 
valve, also opening up and closing over two holes."* This 
valve is of fine leather, and is confined and kept in place by 
the dome-cap, which rests down upon a thin projection from the 
side of the valve. The third and only additional valve is 
placed at the bottom of the pump-barrel, and serves only aa 
a guaranty against leakage in case of a defect in either of the 
valves above. 

The piston-rodf c, which connects with the pump-leyer 
by means of the parallel rods, a a, moves freely through an 
air-tight packing, e, at the top of the barrel, and also through 
a guide upon the upper basement. By this arrangement, and 
the valve upon the top of the cylinder, the piston is made to 
move in a vacuum free from the pressure of the atmosphere, 
and thus its ease and operation are greatly facilitated. Midway 
in the horizontal connecting tube which leads from the bottom 
of the pump-barrel, is the vent-phtg, f. Here the air should 
always be admitted after exhaustion, and the oil poured in when 
necessary for lubricating the inner surface of the barrel. When 

* This, in tho air-puQips recently oonstnioted by Mr. Cfaamberlam, baa been 
dispensed with, and a small drop-valve, so arranged as to preclude the poasi* 
bility of failure in its operation, has been substituted. The dome-cap also 
clones OTcr this TaWe by a single screw, and may be readily removed and 
replaced by the fingers. The whole is exceedingly simple and highly opersf 
tive. 

Describe the valves of the air-pump and their Operation. What advan- 
tages from causing the piston to move in a tight barrel free from the atmos> 
phcric pressure ? 
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desired, this plug may be removed, and various attachments of 
plates, hose, etc., made, as seen in Fig. 43. Upon the upper 
basement stands the pump-plate^ G, which is screwed to a hub 
attached to the extremity of the upright connecting tube. Upon 
this plate are placed the various receivers to be exhausted. The 
barometer-gauge^ A, employed for denoting the degree of the 
exhaustion, is a graduated glass tube, which is attached by a 
screw to the guard-box, i, just beneath the upper basement. 
To the lower end of this glass tube is screwed a small mercury- 
cistern, j, into which extends a steel tube tipped with platina, 
to prevent the .entrance of air thj-ough the mercury into the 
barometer. A screw-plug, k, on the upper end of the guard- 
box, allows of various attachments of small gauges, etc., but 
sliould never be used for venting or oiling the pump. 

A larger and more perfect form of the air-pump is shown by 
Ijg. 43, while a smaller, yet highly operative instrument is 
represented in Fig. 164. All these are similar in their plan of 
construction and operation, and, although differing, according to 
size, in the rapidity, yet are equally perfect in the degree, of 
their exhaustion.'* 

65. Theory of the Operation of the Air-Pump. — The air- 
pnmp owes its power of elhausting to the expansive force of 

* Figure 46 shows an apparatus for determining the tightness of an air- 
l^if. 46. pump, and the degree to which it will exhaust This con- 

Ci ' sists of a small gh&ss bolt-head, with its stem just entering 
^^^^^\ some colored liquid placed in a glass bottle beneath a receiver 
upon the pump-plate. As the pump is worked, the air will 
expand and flow out of the bolt-head, and upon again admit- 
ting it into the receiyer, the liquid will rise and occupy the 
place of the removed air. If the exhaustion be good, a bubble 
of air no larger than a medium-sited shot will be found re- 
maining in the bolt-head. If the pump and receiver be abto- 
^^^ly tight, the liquid will not rise in the tube after an exhaustion, until the 
Air is regularly admitted. This is one of the most rigid tests of the air-pump 
koowQ. 




Point out the other parts of the alr-puoip. Explain the theory of exhaus 
tioQ by ueaus of the air-pump. 



I 
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air. As the piston is raised from the bottom of the barrel, A, 
Fig. 44; it lifts the air above it, and forces it out through the 
drop- valve upon the top of the barrel; a vacuum is thus 
formed in the barrel below the piston, which causes the air in 
the receiver upon the pump-plate to expand and flow into the 
barrel. As the piston descends, this air in tUe barrel passes up 
through the drop-valve into the vacuum above caused by the 
descent of the piston. Upon raising the piston again, the air 
above it is condensed, and again forced out through the valve ; 
and so the operation goes on — the air in the receiver becoming j 

more rare with each rise of the piston, until the expansive force ^ 

of tlie slight portion remaining is too feeble to raise the valves. 
Thus it will be seen that it is impossible, by means of the air- 
pump, to produce a perfect vacuum, since a portion of air must 
remain in the receiver, in order to expel the remainder. 

66. Directions for the use of the Air- Pump. — Work the 
lever with a firm and steady hand, so as to bring the piston en- 
tirely up and down at each stroke. Keep this and the rod oiled 
with a moderate supply of the best sperm oil. An exce^ of oil, 
especially of an inferior quality, serves to clog and prevent the 
perfect action of the valves. 

The piston should work free from atmospheric pressure ; con- 
sequently a leakage of the upper valve from any cause may be 
readily known by a pressure upon the piston, and a tendency of 
the lever to rise. In such a case remove the dome-cap, and 
cleanse or renew the valve. The drop-valve upon the piston 
may be examined by carefully removing, in a similar manner, 
the top or cap from the barrel. With proper care these valves 
seldom become inoperative. 

The glass receivers should be perfectly fitted to the pump- 
plate by a circular grinding with flour, emery, and oil ; if so, 
to insure tightness, the plate will only require to be wiped over 
with an oily rag, before placing on it the receiver, for an ejcper- 

Why cannot a perfect vacuum be formed with this instrument 7 
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iment. To guard against leakage, after a partial stroke of the 
lever, clasp the receiver with both hands, and give it a few circular 
turns of an inch or two back and forth, so as to crush out anj 
particles of dust, and bring the two surfaces in immediate con- 
tact Guard against scratching or marring in the least the 
sor&ce of this plate. 

Extreme caution is necessary in the use of mercury, lest it 
be drawn into the tubes, and, by its corrosive action on the brass, 
ruin the pump. The inexperienced would do well to dispense 
with those experiments requiring the use of this and strong 
acids about the pump. Directions for the use of these will be 
given as the experiments arise. 

Should the platina he worn o£f the steel tube which enters 
the mercury-cistern, bubbles of air will be seen occasionally to 
enter the barometer, when the steel point will require to be 
tinned over or retipped with platina. The stop-cocks and screw- 
connections of a pneumatic apparatus should always be provided 
with oiled*leather washers. No washer is, however, required 
where the mercury-cistern screws upon the. barometer, and the 
washer, where this attaches to the guard-box, should be but 
slightly oiled. 

Should a leakage accidentally occur about any joint, it may 
be temporarily stopped by applying a trifle of thick paint. 

Every article of a pneuQiatic apparatus should be kept free 
fit)m dust and moisture; and after using, especially with 
liquids, should be wiped dry and smeared over with an oily 
cloth. 

The taking to pieces and general repair of these air-pumps 
should never be attempted by those not familiar with their con- 
struction, for, although simple in form, yet they often baffle the 
skill of the amateur mechanic, unaccustomed to a /r-/i^A/ joints, 
to bring together the diflferent parts when once separated. One 
xnay be a very *' curious" mechanic, and able to dissect a man- 
ikin, clean a watch, or construct a puzzle-box, and yet not 
possess the requisite skill for filling a thermometer-tube, or 
adjiisting the piston and valves of an air-pump* . 
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67. The Condenser. — This, in its operation, is the reyerse 
of the exhaust-pump, and is used tov forcing air into vessels. 
The simple form is shown bj Fig. 46, and consists of a 
straight brass barrel, with a plunger nicely packed 
Pig. 46. ^i^ij lejither, and haying a yalve in the lower part 
opening downward, while another yalve, opening the 
same waj, is attached to the lower end of the screw- 
plug, which enters the bottom of the barrel. 

Theory of the operation of the Condenser or 
Force-Pump, — As the piston is drawn towards the 
top of the barrel, the air flows down through the 
valve into the space below ; upon forcing the piston 
down, the air in the barrel is prevented from escap- 
ing through the piston by the closing of its valve, 
and is accordingly forced through the second valve, 
upon the screw-plug, into the chamber or receiver. 
yi The elastic force of this air closes the valve, and thus 
n|L prevents its escape back into the barrel. As the 
piston rises, the barrel is again filled with air, which, 
upon the descent of the piston, is forced through the lower valve 
into the chamber, as before ; and so the process may be continued 
until the air in the chamber has acquired a density and an expan- 
sive force truly surprising, as will be shown in the subsequent 
experiments. ^ 

These valves are simple in their construction, and when 
deranged may be easily repaired. By reversing the screw-plug, 
and also the parts of the piston w^hich screw upon the end of the 
piston-rod, so as to bring the valves upon the upper side, this con- 
denser may be readily converted into an exhaust-pump. No 
water should be allowed to remain in the barrel, as it will 
serve to stiffen and injure the packing. When, from any cause, 
the piston has been withdrawn from the barrel, some skill may 
be requisite for entering it again. To enter the piston^ place 
the lower edge of the leather rim within the barrel ; with the 

Describe the simple Ibmi of the Condenaer. Explain the iheoiy of its oper. 

ation. 
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fig. 47. 
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thumb and fore-finger press down the upper edge, and at the 
same time torn the piston, so as to enter by degrees^ taking 
care not to let the edges of the leather get turned up. 

68. The DoiMe-Acling Exhauster and Condenser^ Fig. 

47, is a convenient instrument for the 
transfer of gases, etc., bj exhausting 
from one vessel, and condensing into 
another. The piston, which is packed 
to work both ways, has no valve. In 
the bottom of the barrel are two 
clapper-valves, one opening up, and 
the other down. The barrel turns on 
an even and nicelj-fitted plate at the 
bottom, to which it is tightly pressed 
by means of the two small screwa 
which enter the binding-ring 
above. As arranged in the 
cut, it exhausts through the 
bottom hole, while it con- 
denses out at the side stop- 
cock. Now turn the barrel 
so as to bring the valves 
each over the other opening, 
and the whole operation will 
be reversed. 

69. The Condensing- 
Gauge, Fig. 48, is used in 
determining the degree of pressure to which air, steam and gas 
are subjected, and is screwed to the condensing-chamber, or 
other vessel into which these are to be forced. The pressure is 
indicated by the rise of the mercury in the sealed arm of the 
glaas tube — the space of air being inversely as the pressure.* 

* BewBTB of mbtakiDg this for the siphon-gauge below, and so connecting 
It with the exhaust-pump, as in such case an expensive mistikke may occur by 
the mercury being drawn orer into the tabes of the pump. 
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The Siphon VacmtmnGauge^ Fig. 49, may be used to 
show the degree of the exhaustion. The dark por- 
tion of the fine glass tube seen in the cut is filled 
with mercury. As the pressure of the air which 
forces the fluid into this arm of the 
tube is removed by exhaustion, the 
mercury fiiUs in one and rises in 
the other arm, coming nearer to a 
level according as the space ap- 
proaches a vacuum. This form of 
the gauge is used with the smaller 
air-pumps, and may be attached to 
the larger, at the screw over the 
guard-box. The strong glass cap, 

which covers this and the condensing-gauge, 

serves to protect them against breakage. 

The theory of these gauges will be explained 

in the subsequent experiments. 

70. The Guinea and Feather Tube, , 
Fig. 50, used to illustrate the equal fall 
of light and heavy bodies in a vacuum, and 
also to furnish various electrical illumina- 
tions, is a long, brass-capped glass tube, used 
in connection with the air-pump. When 
screwed to the centre hole of the pump- 
plate, it should be with care, lest the stop- 
cock be wrenched off where it enters the 
hole. When the air is admitted after an 

exhaustion, the light bodies should be allowed to fell to the 
other end of the tube, lest they be injured by the rush of air 
through the stop-cock.* 

71. The following cuts present accurate views of some of the 
more important articles employed for foi'^m'wg connections be- 



^^Ml" 




* These tubes may be used for showing the effect of condensed air on fstlUng 
bodies, and are mode f&r sustaining a' pressure of four or five atmospheres. 
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tween the rarious parts of a pneuinatic apparatus. To these we 
eball hare frequent occasioa to refer in the following pages. 



3f 



Figures 51 and 52 are much used for attaching the condenser, 
hoee, etc Fig. 58, small Stop-Cock. Fig. 54, large Stop- 
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Cock. Fig. 55, Connecting-Screw. Fig. 56, Guard-Screw. 
Pig. 57, Screw-Plug. Fig. 58, GallowB-Connector Exteri<» 




Screw. Fig. 59, Cfal lows-Connector Interior Screw. Kg. 60, 
Plate and Sliding-Rod. Fig. 61, and Fig. 62, Sliding-Roda 
ivith Screw-Pluga and Packing. Fig. 63, Flexible Rubber 
Hose. 
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PNEUMATICS. 

72. PNEUMATICS explains the laws which regulate the flow 
and equilibrium of elastic fluids. 

Fluids are bodies whose particles glide easily among them- 
selves, and tend readily to a level or equilibrium. These are 
divided into two classes, elastic and inelastic fluids. To the 
former belong the gases and vapors ; to the latter, water and 
other liquids. Elastic fluids are also comprehended under two 
divisions ; those like atmospheric air, many of the simple gases, 
which can never, by any known agencies, be made to yield 
up their elasticity and assume a different form, and those like 
steam, carbonic acid, etc., whose elastic natures depend on the 
circumstances of heat and pressure. 

Air and steam are the elastic fluids chiefly employed as 
mechanical agents, and will, therefore, be taken to illustrate 
the general principles of pneumatics common to all elastic 
fluids. 

Atmospheric air is a thin, transparent fluid, which surrounds 
the earth, extending up from its surface to the distance of about 
forty-eight or fifty miles. By virtue of one of its constituent 
elements, it feeds the lungs, and gives vitality to the whole ani- 
mal creation, while it serves an agency scarcely less important 
in the sustenance and growth of the vegetable kingdom. The 
constitution and vital qualities of air are, however, proper sub- 
jects for chemical inquiry, its mechanical properties alone 
claiming attention in this connection. The obvious properties 
of air, such as its materiality, fluidity and elasticity, may bd 
satis&ctorily illustrated by a variety of' mechanical contriv- 
ances. These, with the principles they explain, we shall 

Define Pneumatics. What are fluids? How are fluids divided? What 
el^itic fluids are chieflj employed as mechanical agents 7 What is atmospheric 
air ? What is said of the relations of air to the animal and Tegetable creation*? 
What are the obnous properties of air 7 
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endeavor to present clearly, yet concisely, in the followiBg 
experiments. 

MATERIALITY OF AIR. 

73. The proofs of its materiality are yarions, and among these 
is that furnished to the eye. 

Air is visible. — When seen through a great extent, as when 
we gaze at the firmament or a distant mountain, these present 
a faint blue, which is the color reflected by the great body of 
intervening air. Within a limited space, the light reflected is 
too feeble to give it color, and hence it is usually regarded as 
invisible. This is true of many of the more dense semi-trans- 
parent bodies. A glass basin of water, for instance, dipped 
from the ocean, appears colorless, while the same liquid seen 
through a great depth *'ofF soundings " shows a peculiar dark 
green color. Thus, color, which is a characteristic of matter, 
belongs to air, in common with more dense bodies. 

When a body in motion meets with and sets in motion 
another body, the former loses a force equal to that which it 
imparts to the latter. This resistance of the body struck is 
termed its inertia (^ 4). Inertia or resistance is a property 
which can be predicated only of matter. Whatever, therefore, 
resists or destroys the force of bodies is itself material. 

74. T/te inertia of air shows itself in a variety of ways. If 
we stand upon the outside of a rail -car in the calmest day, the 
displacement of the air by our bodies, as we are borne through 
it, will ofier a resjgtance equal to a stifi* breeze blowing in the op- 
posite direction. So, when we attempt to carry a board, or any 
broad surface, exposed to the air, in the direction we m« mov- 
ing, a powerful resistance is offered by this. 

Experiment, — Place the float-wheel^ Fig. 64, on the 
pin, so that the surface of the floats shall be in a line with 
the handle. Give motion to the wheel, and it soon ceases 



Is air material? The first proof stated of this ? What illustrations giTen ? 
Is inertia a property of material bodies 7 Has air inertia 7 What illustrations 
given 7 State the experiment with the float-wheel, Fig. S4. 
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to rcvolre, owing to the resistance offered by 
I the air. Now pliice the hub on the pin, so aa 
■1 to bring the floata edgewise to the direction of 
motion, and the great diminution of the sur- 
face opposed to the air will cause the wheel 
to continue its revolutions much longer than 
before. 

One of the most satisfactory proofs of the 
materiality of air, from its resistance 
"■■•*■ to moving bodies, is afforded by an 

arrangement seen in Fig. 65, and 
known as the vane and mm. Two 
float-ffheela are mode to revolve in- 
dependent of each other, and precisely 
alike. Power is communicated to 
each, at the same instant, by means 
of a r&ck, which plays into a small 
pinion upon the shaft of each wheel. 
This rack is on a tube, which may be 
drawn up by means of a sliding-rod, 
and, when released, is suddenly forced 
down by a spiral spring within, giving 
a rapid motion to the wheels. 

Experiment a. — Screw the cen- 
tre-post to the hole of the pump- 
plate, and arrange the floats so that 
those of one wheel shall stand edge- 
wise, and those of the other facewise, 
to the direction of motion. Cover with a bell-glass, having a 
brass cap and eliding-rod ; attach the loop upon the end of this 
rod to the hook at the top of the sliding-tube. Draw up, and 
suddenly depress this, which will give motion alike to both 
wheels ; but, owing to the presence of the resisting air, the one 



How Bi>7 thenuUTulitTof urbeitiowD with th« vftne aad mill (Pig' C^) ' 

8* 
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facewiae will reyolve only about one eighth as long as the one 
edgewise to the direction of motion. 

Now work the air-pump and remove the air from the bell- 
glass, and again give -motion to the wheels, when both will be 
found to revolve very neiirly afike, and much longer than either 
did before ; thus cleurl)^ proving that air is a resisting, atid of 
course a vifiierinl body. 

It is the inertia of the air acting upon the wings of the 
feathered and insect tribes that enables them to fly and trans- 
port themselves through it from one place to another. This 
may be shown by placing some flies or other winged insects be- 
neath the receiver of the air-pump, and removing 
the air, when any efforts to rise by a use of the 
wings will be seen to be unavailing. 

75. Gravity acts alike on all bodies, light and 
heavy, and, were it not for the resistance offered 
by the atmosphere, a floe of cotton and a bullet 
let fall together from the same elevation would 
reach the ground in the same time. 

Experhnent, — Let the tall Guinea and 
Feather Glass, Fig. 66, be well fitted to the 
pump-plate, and on each of the four small tables, 
beneath the brass plate which covers the top, 
place a dime and feather. Before exhausting the 
air from the glass receiver, turn the sliding-rod 
and button which supports these tables, until one 
of them drops, and lets fall its dime and feather ; 
while the former, by its weight, overcomes the 
resistance of the air, and falls rapidly, the lighter 
feather makes a tardy descent. Now produce a 
partial vacuum, and let drop a second table ; the 
removal of a portion of the resisting air will make the differ- 





How is it that birds are enabled to fly T Illustrate in the case of flies and 
winged insects. State the experiment with the guinea and feather glass. What 
does this prove T 
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ence less marked than before. Continue to exhanst, and the 
third will fall still more nearly together j form a vacuum, and 
the fourth pair will show no perceptible difference in the time 
of thdr descent.* 

76. The fall of liquids in a vacimfn, 
and the agency of the atmosphere in break- 
ing the force of rain and hail as they 
descend from great elevations, may be 
illustrated by the Philosophical Water- 
Hammer J Fig. 67. This is a strong glass 
tube, hermetrically sealed at one end, and 
provided with a cap and stop-cock at the 
other. 

Experiment. — Remove the siop-oock, 
and fill the tube about half full of clear 
water ; replace this, and, by means of the 
ocmpler and hose, figures 51 and 63, connect with the air-pump, 
and with the stop-cock open, exhaust thoroughly, occasionally 
shaking the tube a trifle, to '^ chum out " the air that may 
still remain between the particles of the liquid. Turn the 
Btop-cock and detach from the hose. K now the tube be 




* A more simple and economical mode of illnstratiog the same principle is 
by means of the long Guinea and Feather Tube, Fig. 50. Screw this to the 
eeotre hole of the pump-plate ; or, if too long and heavj, connect with this 
by means of the coupler and hose, figures 61 and G3. Before exhausting, sud- 
denly invert the tube, and mark the difference in the faU of the light and heavy 
bodies* When a vacuum has been obtained, turn the stop-cock and remove 
from the pump, ^nd again invert as before, when the difference in the Ml of 
the light and heavy bodies wjU, as in the last experiment, be imperceptible. 
Now admit the air, and attach the condenser. Fig. 46, by means of the coupler 
Vist used, and condense forty or more strokes, according to the size of the tube. 
Close the stop-cock and remove the condenser. The tube will now contain 
from two to four atmospheres, and the greater density of the air will be plainly 
Ti^le in the greatly retarded fill of the light bodies ; thus most satisfactorily 
tthomng the materiality and resistance of air. 



What IS the PhUoBoohical Water-Hammer? QWe the experiment with this. 
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held at an angle of forty-five degrees with the floor, and jerked 
so aa to throw the liquid up two or three inches, meeting with 
no atmospheric resistance, it will Ml with a hard, clinking 
Bound, and witli the force of lead. 

From tills experiment wo learn one of the beneficial eSecta 
of the atmosphere, in relieving the fall, and preventing the 
injurious effects which might otherwise result from the descent 
of rain, etc. ; for, were there no atmosphere to impede the &il, 
such bodies would strike the earth with the force of shot fired 
from a gun.* 

77. The Buoyancy of Air. — Air being, like water, a ma- 
terial fluid, tends like that to buoy up bodies in proportion to 
the amount displaced ; hence, light and bulky bodies, aa 
loose feathers, cotton and wool, weigh less in air than iQ a 
vacuum. 

Experiment. — Balance the thin glas3 
globe by a weight, and, with the stop-cock 
closed, place the scales on die pump- 
plate, and cover with a receiver, as seen in 
Fig. 68. Exhaust the receiver, and the 
glass globe, which was before sustained in 
part by the fluid air, will be now found to 
preponderate and weigh more than in the 
air. Kow remove the globe, and balance 
in its place a bunch of feathers or cotton, 
and again exhaust the receiver, when these 

* A chMpcr yet lev perftot form of tho Fhiloiopliiaal Water-HuDmer, ci- 
hniuted b; hsat aod nude pemuuiently tight, ia sold at the ihopa. Jerk the' 
tob« with eautioD and at an angle, lest the ftrce of the liquid break thioagh 
the bottom. Ho amount of eihanstion can tna a Te«e«I In which a liquid ia 
confined from a vapory a(moi]9A(re ; and, aa a Taonnm ia approached, 
ebullition goes on rapidly, although the liquid be near the fl'eeiing-point. 

What may we learn from thia eiperiment t What is aald in oase there wn« 
no atmoapfaere \o impede the foil of rain and hail T What la laid of the*buDJ- 
tnaj of air I Olta the expsritaiBt tar ihowing it* buoyanoj. 
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will be found like the glass globe to indicate tin increase of 
weight ; thus proving the truth of the common assertion that, 
bj the ordinary tests, ^' a pound of lead weighs more than a 
pound of feathers." 

Experiment. — This same principle may be illustrated 
without the use of the air-pump. Suspend, in the place of the 
glass globe in the last experiment, a small, light rubber bag pro- 
Tided with a stop-oock ; balance this accurately, and then, with 
the condenser and coupler, Figs. 46 and 51, inflate the bag, close 
the stop-cock, and again suspend from the scale-beam, when it 
will be found to have lost in weight, or be buoyed up by a force 
equal to the additional volume of air it now occupies. 

78. Air is impenetrable, — This is perhaps, if possible, a more 
convincing proof of its matei:iality than any previously offered. 
It is a property of matter that no two bodies can occupy the 
same space at the same time. To this proposition air conforms 
as strictly as lead or water. Attempt to force these into a ves- 
sel filled with air, and, although this may contract its limits and 
retire before the more dense intruders, yet still the space it 
really occupies can never be entered by a second body. 

Experimetit. — Plunge an inverted tumbler or tal^lass jar 
in a vessel of water ; the materiality of the air confined above 
tiie water will prevent this from rising and filling the jar or 
tumbler. 

The Diving-Bell acts upon this principle of the impenetra- 
bility of air. This is a large bell-shaped receiver, made strong 
and tight, and of sufficient weight about the opening to cause 
it to sink to a great depth in water, and retain its proper posi- 
tion. In the upper part are provided seats for the workmen, 
while two tubes enter, one at the bottom, the other at the top ; 
the former connecting with a force-pump upon the wharf '>r- 



Is impenetrability a property of matter? Is air impenetrable 7 What is 
■aid when we attempt to force other bodies into a space filled with air 7 Give 
ibe experiment illustrating this. On what prindple does the Divlng-BeU 
act? Describe the Diving-BelL 
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deck of the vessel, through vhich fresh air ia supplied to the 
mcD in the bell, while the latter serves as an escape fur tbe 



impure & 



When lowered into the water the air, as in the 



experiment just given, precludes the entr^ of the water, and 
allows the workmen, although at a great depth below the sur- 
face, to operate without inconvenience. Again, if the air he 
removed from a vessel before it is plunged in water, as in the 
last experiment, tbe water will then enter and fill the entire 
space. 

» Experiment, a. — Suspend a small bell-glass 

*' beneath a larger, bj means of a sliding-rod, and 

place them on the plate of the air-ptunp over 
a jar of water, as shown in Fig. 69. Lower the 
small bell upon the water;' this refuses to enter the 
bell, owing to its being preoccupied b;^ a second 
body — air. Baise now the hell, and exhaust the 
receiver, and again lower into the jar, when the 
water readily enters and fills it.* 

THE WEIGHT AND PRESSOKE OF AIR. 

79. Smce air is material, it possesses weight, like other mora 
dense bodies ; hut, owing to ilB extreme thinness and trans- 
parency, this property in air becomes less obvious than in the 
grosser forms of matter. By the aid of skilliil mechanical 
contrivances, the weight of air may, however, be determined 
with as much precision as that of water or lead. The ancients, 
although acquainted with the fact that lur has weight, still 

* A small bubble will b« found in tbe upper portion or the bell-gtira, hoir- 
ever thorough bo (ho eibnuation, owing to the impossibilily of «n entire i«- 
iDov&l of the nir bj an; mechnnical coutriTance. This bubble of air will vaij 
in size, ncaonling to the degree of the lacuum. 
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knew little of its mechanical effects in producing the common 
phenomena of every-day occurrence. Thus, the cause of the 
rise of water. in pumps and other tubes was thought to be 
suction^ or the abhorrence which nature has of a vacuum ; 
hence, practising upon such yague and absurd maxims, they 
were constantly liable to those ridiculous blunders and expen- 
siye mistakes which always accompany ignorance of physical 
laws. Galileo with his pupil Torricelli were the first to dis- 
coTer the mechanical agencies of air in the rise of liquids, etc. 
Some engineers, employed at Florence in sinking pumps, had 
occasion to construct one to raise water from an unusual depth. 
Upon working it, they found the water would rise only to a 
height of about thirty feet. Galileo, the most celebrated 
philosopher of the day, was consulted as to the difficulty. 
Having his attention thus called to the point, his investigations 
with those of Torricelli soon disclosed the cause, and, further- 
more, produced the barometer as the measurer of the atmos- 
pheric weight. From these discoveries, Pneumatics as a 
science may be said to date. The following experiments, 
fig. 70. properly performed, will give some 

ideas of the weight of the air, and 
the surprising force withflAich it 
presses on bodies at the earth's sor- 

Experiment. — To weigh a 
quantity of air. Take a pint or 
quart flask provided with a stop- 
cock; connect this with the air- 
pump, and remove the air. Then 
close the stop-cock, and suspend the.flask from a delicate scale- 



WbAt 18 said of the knowledge of the ancients in r^^rd to the mechanicftl 
effects of this property of air ? To what cause did they attribute the rise of 
liquids in pumps, etc. 7 Who first discovered the real cause of these phe- 
nomena 7 Anecdote in respect to the engineers and Galileo 7 Give the 
periment for determining the weight of air by exhaustion. 
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beam, w shown in Fig. 70. Now balance the flask by small 
weijjlits, and when this 13 done admit the air into this. The 
side of the beam from which the flask is suspended will now 
be found to preponderate. Add small weights to the opposite 
scale-pan until the equilibrium is restored. These weights will 
indicate the weight of the admitted air, or of that remoTcd bj 
the air-pump. 

A quart of air, at the ordinary density, weighs nearly 
seventeen grains. Attach now to the flask, by mea^s of the 
coupler, Fig. S2, the condenser, and force in one or two addi- 
tional atmospheres ; a marked increase in the weight of th6 
flaak will now be perceptible.*' 

80. Since so small a quantity of air has appreciable weight, 
the pressure of the entire column reaching upward through the 
whole extent of atmosphere, and resting on a given surface, 
must be enormous. This is equal to about fifteen pounds on 
the square inch, or two tkauaand one hundred and sixty 
pounds on the square foot. 

Experiment. — To prove atmospheric pressure, place on 
the pump-plate the Hand-Glass, Fig. 71, 
and cover the smaller end with the palm. 
Exhaust, and aa tJie air or support b taken 
from beneath, the weight of the atmospheric 
column resting down from above will press 
the hand firmly to the glass with a force of 
from fifly to eighty pounds. 

la gases, iritb the lutniinetcr at 
at 32= : 

Air ].00 Ammonift, 0.6!> 

Oiygen, 1.10 Carbonic Acid, ........ . 1.5M 

HjdrogBii 0.0G Prot. Oiide Nitrogen CEibilarat- 

Oleflant Qia, O.'JT ing Qu), 1.53 

PboB. Hydrogen J.2I Chlorine 2.47 

Hilrogeo, 0.97 

What i« the w^bt or pnwim of Um air ob ft 
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ExperiToent a. — Tie orer the moath of 
the Bladder-Cup, Fig. 72, aome highly elas- 
tic shect^mbber, and screw, by means of the 
connect ing-Bcrew, to the centre hole of the 
pump-plate. Exhaust, and the pressure of 
the external air will force in the rubber 
BO as to form a perfect lining for the glass. 
Experiment b. — Connect the Cupping- 
Glass, Fig. 73, with the air-pump, by means of the rubber 
boee, and place it on the arm or any part of the body where a 
slight puncture has been made in a vein. Exhaust, 
and the pressure of the air within, by its elastic 
t& force, will swell the skin, and cause the blood to 
^JU. spirt freely from the punctured vein. 
i ■ I Remark. — It is by thus remoTing the external 

J ^ pressure that the leech is enabled to draw blood 
through the pores of the skin. A)l instances of 
siiclion are thus produced by the removal of the pressure of 
the external air by the air-pump, the month, etc. 

Experiment c. — Over the larger end of the Bladder- 
Glass, Fig. 74, draw tightly and evenly 
a piece of moistened hog's bladder, and 
fasten under the flange by means of a 
solution of gum-arabic or a string, i 
When thoroughly dry, place on the 
pump-plate, and exhaust. The removal 
of the air or support from beneath will 
cause the weight of the external column 
to crush in tlte bladder wUh a deafening report.* 

* Should tbe blxdder be so itrong aa to enstaia (be atmospheric pnsiare, k 
•Ught puDctare with > pin will oaose it to ooUapaB u kboTC B; inTerting 
■fler Iha bladdar n nmoTcd, tliii nu; be nied, ai in eipeiimeot, fbr ■ hand- 
gU«. 

Gin Exparimenl. GIte Ezperimmt a. Sute the experimrait with the 
onppfaig-glua. Experiment with the bladder-glua. 
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Experiment d. — Attach to the centre hole of the paiii[>- 

plate the guaxd'Screw, Fig- 56, and on the plate place a thin 

ghiss l/wsting-square, having a brass cap with a vtilve sealed 

FiK.ie. upon the neck, like that seen in Fig. 75. Cover with 

a bcll-glasa, and exhaust ; the valve rises to let out 

the air. When a vacuum has been formed, admit 

the air again to the bell, and the valve closes 

tightly and preserves a vacuum in the square, 

which, having nothing within to counterbalance the 

external pressure, is crvshed m by the aintos- 

■^ p/ieric weight.* 

81. Experiment — Place one hemi- 
Bphere of the Magdebvrgh Ciipsf 
on the pump-plate, as Been in Fig. 76, 
and exhaust; the pressure of the 
atmosphere will hold it firmly to the 
plate. 

Experiment a. — Remove the lower 
huidle from the Magdnbiirgh Hemi- 
spheres, Fig, 77, and screw the stop-cock to the centre hole 
of the pump-plate; turn the upper hemisphere back and forth 
a trifle to insure a perfect contact of the two surfaces, 

* Care should be Inken agninal tcratching the plale when wiping fh>m it 
the fnigmeniB of glnas. Aa this eiperiment innurs mudc tronble and riA, 
and can be smq oiily by IhoBO imnicditttely about the pump, It ia hotdly 
advisable to iutroduce it in ordinary lectures. The same cap aod valve ntaj 
be used with any Dumber of squares. 

t These cups were invented and first used by Otto Guerick, the inventor of 
the air-pump, and named froin the city where firat used. An eiperinient *■« 
pei'fuimed by the discoverer bcrora the royal household with a pair of Ihem 
cups,whidi were three Tcct in diameter. When exhausted of air, twenty etvoog 
hontcs attiiehcd, and drawing in opposite directions, ten upon each side, are 
■Cated to have Xxxa unable to separata the eups, so great was the force of the 
pressure of (be air hy nliich Ibey were held together. 

Why is a tliin square bottle crushed in when the air is removed &om it* '■>- 
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ukd then form a vacuum. With the stop- 
oock closed, remove and replace the handle. 
These hemiapheres, of five inches diam- 
eter, will now he pressed together by 
the force of the atmosphere, so that two 

strong men may not be able 

to separate them. 

To prove that these hemi- 
spheres are now held together 

by the force of the air, let 

them be again screwed to 

the pump-plate, and covered 

by a bell-glass provided with 

a slidiog-rod and hook, as 

seen in Fig. 78. Attach the 

hook of the rod to the handle, 
and exhaust the bell-glass ; the upper^ 
hemisphere may be now readily raised 
from the lower. Replace it carefully, and admit the air into 
the bell, when the hemispherea will be agiin held firmly together. 



Experiment b. — With the Magdeburgh Hemispheres ex- 
liausted as above, screw to the brass socket of the basement, 

Whut ia the result in remoTiiig the air from within the Alagdeburgh Heml 
■pbetal How can it be ehown that it is the pressure ofthe air which holdn 
tbeae together so Giml; T Oive the eiperiment for showiiig the amount of 
W«MU[« on thtBC, 
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and arrange other ways, as shown by Fig. 79. In this waj 
the pressure of a column of air with a base of the area of 
either hemisphere may be ascertained.* 

82. As has been already remarked, the pressure of the atmos- 
phere is e(|ual, at the level of the ocean, to a weight of fifteen 
l)ounds to the square inch, and hence that sustained by the body 
of a common-sized man, comprising two thousand square inches, 
must be about fifteen tons. Such a weight resting on bodies 
might, at first thought, be expected to crush them, whereas we 
find those of the most delicate texture unaffected by it. This 
arises from the circumstance of the pressure on every side being 
o(^ual, and, therefore, producing a mechanical equilibrium. 
Under ordinary circumstances, the pressure upon the external 
surface of the body is exactly counterbalanced by the elastic 
force of the air confined w^ithin its vessels and air-cells. When- 
ever this external pressure exceeds the elastic force within, as 
in sudden descents into deep mines, a heavy and oppressive sen- 
sation is the result. If, on the contrary, a speedy rarefaction 
of the external air be effected, so that the elastic force of that 
within is more than sufficient to equal the pressure from without, 
as in ascending high mountains, or rising in balloons, a painful 
distension and even rupture of the veins and air-cells may occur. 

83. The effect on the animal system of an increase of atmos- 
pheric pressure may be satisfactorily shown by means of the 
Strong Glass Co)ide?is if iff- Chamber, Fig. 80. This is a re- 

* ExtreDie caution is necessary against getting the least dent on the flanges 
of these hemispheres, as such will prevent a perfect contact of the two sar- 
faces, and defeat the experiments. To remedy such a defect, carefully smooth 
down the roughness with a knife or fine file, and then grind together the 
flanges hy the use of pumice-stone and oil, separating occasionally to prcT^t 
the formation of creases. 

What pressure does the body of a common-sized man sustain ? Why does 
not such a weight crush the body ? Cause of the oppressive feeling in case of 
descending into deep mines? Cause of the painfiil sensations upon ascending 
to great elevations ? Under ordinary circumstances how is the atmospheric 
pressure upon the external surface of the body counterbalanced T 
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3ei?er of about two quarts' capacity, made of thick and well 

annealed glass, and covered by a 
firmly cemented brass cap. Into 
this cap screws a large plug, 
which may be removed to admit ob- 
jects for experiment. In the centre 
of this plug is screwed a stop-cock 
for various attachments, when de- 
sired, for showing the expansive force 
of air, as in case of the air-gun, 
fire-engine, etc. A condensing- 
gauge, Fig. 48, for indicating the 
degree of pressure, is screwed upon 
the cap, and connects witli the 
space within.* 

Experimejit, — To show the ef- 
fect of an 'mcrease or diminution 
of atmospheric pressure 07i aii animal — Take two mice, 
or otlier small animals ; place one in the glass condensing- 
chamber, and with the condenser force in three, four, or more 
atmospheres. The pressure will so compress the air-cells of 
the body as to crush in these and destroy life. Now place the 
other mouse under the receiver of the air-pump, and exhaust, 
when its body will become bloated by the expansion of the 
veins, arteries, etc., and these will be ruptured ; thus showing 
that, with the present physical organization, the atmosphere near 
the surface of the earth is precisely adapted to the Wants of the 
animal system.f 

* Another and cheaper form of the condensing-gauge is shown standing 
within the receiver. The long jet at the side is screwed to the lower end of 
the cock when water is used for iUastrating jets, the fire-engine, etc 

t Experiment. — Place in the chamber, the rubber-bay. Fig. 92. Inflate 
this, close its stop-cock, screw in the large ping, and attacli the condenser.— 




State the experiment showing the effect of increasefl atmospheric pressure 
o& animals. The experiment showing the effect of a dimination of the some 
"n nnimntM. 

9* 



102 POROSITY OF WOOD. 

84. The operation of the lungs, in inhaling and exhaling, 
depends on atmospheric pressure. The rise of the ribs and tha 
fall of tlie diaphragm beneath, forming a partial vacuum in the 
chest, causes the air to flow in and espand these ; and, upouthe 
rise of the diaphragm and return of the ribs, the same 13 forced 
from the lungs, thus Buetaining, by a wonderful mechanism, the 
process of respiration. 

Experiment. — To show the porosity of wood by atmos- 
pheric preasure, insert a straight-grained cjlinder 
tightly in a brass plate, fitted to the top of the glass 
receiver, and arrange io a jar of water on the pnmp- 
plate, as in Fig. 81. Cover the end of the wood cyl- 
inder with the band, until a vacuum ia fonned 
within ; then remove it, and the air will be forced 
rapidly through the pores of the wood, and rise 
through the water. 
Experhnent a. — Place the Mercury- Tunnel, Fig. 82, on 
Fiff. SI. the ground-top receiver, over a jar on the 

pump-plate, as seen in the cut. Pour mercury 
info the wood cup, and exhaust ; the atmos- 
pheric pressure will force this down througn 
the pores of the wood in a fine shower, and, 
should the air be dry, the friction of the 
mercury will e.Tcite sufficient electricity to 
render it luminous in the dark.* 
, 85. Experiment. — The atmospheric pres- 
sure upon liquids, as in the case of their 

Foi-ce in 0D« Umoaphere, and the bag will be comprcsaed one hnlC Thne or 
Timr ittmoaphcrea nill so compress the nir vilhin as to give the b^ asbrtnll*'' 
ii|)|^cnraDce. Altov the cundcnsed air to escape, and lh« bag becomes inftiUd- 

Ej^prrimenl. — Place in the condeusing-chamber two small ftuI'll»>•^ 
V7riurei, one »ith an open, and the other with a sealed naizle. CondeoMi ana 
tlie seated square wilt be crmlted in, while the other receives no tnjarT. 

* Ouard against letting the mercur; £il1 on (he pump-plate. £eep t^'* 
mercarj-tunnel entirely free from water and other liquiJa. 

Oil wlrit prin'jiplo do (he lungs operate T How miij iho porosity of wooibe 
thown by Fij!- «1 T Il.>w by the Meroury-Tuiinel, Fig. 82 T 
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rise in exhausted tubes and receiyers, may be illustrated by an 
arrangement shown in Fig. 83. A tall glass boli-head, of about 

one pint or quart capacity, and thirty inches length, 
is screwed to the cup of a bell-glass. From the 
lower end of the stop-cock a small tube extends to 
the bottom of a jar containing some colored liquid, 
just sufficient to fill the bolt-head. Arrange on the 
pump-plate, as shown in the figure, and exhaust 
thoroughly. The air will be drawn down from the 
bolt-head through the smaU tube, and prevented 
from returning again by the liquid. Now open 
the vent-hole, and the atmospheric pressure 
will drive up the liquid to occupy the space from 
which the air has been removed, leaving only a 
bubble in the glass bulb, and illustrating the 
materiality as well as the pressure of the air. 
To remove the bolt-head,* exhaust again, and 
bring the liquid below the stop-cock; then 
torn this and unscrew from the bell-glass.*)* 

Experiment a. — Take a tall and straight jar, and fill to the 

* Wben the bulb is filled with liqaid, the pomp should be worked slauly, 
lest the glass neck be broken oflf by the motion. This experiment soccecds 
best whete regard is paid to the hydroataiic pressure on the air escaping from 
the tnbe. A broad jar, and liquid just sufficient to allow the tube to enter 
when the bolt^head is filled, is preferable. 

t An interesting modification of this experiment is 
shown by the arrangement in Fig. 84. Within the bell- 
glass, to the lower end of the 8top-«ock« is screwed a 
revolving-jet, so as to revolve in an empty jar be- 
neath. A tube, leading from the upper end of the stop- 
cock, enters a jar of water. With the Hop-cock cloeed, 
exhaust the bell-glass, then open ; the atmospheric pres- 
sure will drive over the liquid through the tube and 
jet, causing the latter to revolve rapidly for some time, 
thus illustrating the cause of the rise of liquids, as well 
as the fact that Barker's Mill (see Hydrostatics) 




lig. 84. 




vidves equally as well in a vacuum, and independent of atmospheric reaction. 



Describe the experiment with the bolt-hcatl. What .U^-^ tliU illimtrut.- ? 
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bag be not BDfficJently jiclding, the expansive force may be so 
great as to burst it. Thus, the ezpansive faree of the air con- 
fined within shrivelled apples, raisins, etc., will canse them, 
when placed in an exhausted receiver, to become plump and 
full, and ai'pear as when freeh. 

Experiment a. — Screw into the nozzle of a small rubber 
bag a screw-plug, after the air has been 
"■■**■ forced from it hj the hand; attach a weight, 
place in a tall jar of water, and cover with a beU- 
glisa on the pump-plate, as seen in Fig. 93. 
Atmospheric pressure acts through the water on 
the air confined in the bag. BemovethispTessnre 
by exhausting, and the bag at once 
becomes inflated by the expansion of 
its confined, air, and rises. Admit 
the air into the bell, and tbe bag 
again contracts, becomes specifically 
heavier than the water, and descends, 
thus illustrating the Hydrostatic 
Balloon. 

Experiment b. — The same prin- 
ciple of aerial pressure and elasticity 
is better illustrated by the Pneumatic Balloon, 
Fig. d4. This balloon is placed in a. tnll jar, nearly 
filled with water or alcohol, with a covering of 
sheet-rubber tightly drawn over its top, and is 
partly filled with liquid, leaving a portion of lur 
confined in the upper part, sufficient to render it 
a trifle lighter than the same bulk of the liquid. When float- 
ing upon the top, n pressure on the sheet-rubber will be com- 
municated through the air to the liquid, which will be aSbcted 
throughout ; and, by its upward pressure, enter the small hole in 
the bottom of the balloon, compressing the air confined in it, 

h [he irydrostalio Balloon risM sod sinkr. as 
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one half times heavier than water, was seen to rise by atmos- 
pheric pressure to the height of thirty inches. By the same 
pressure, water will, of course, be raised thirteen and one half times 
as high, or to an elevation of nearly thirty-four feet. 
In practice, however, water will rise in an exhausted 
tube only about twenty-eight or thirty feet, owing to 
the rapid formation of a vapory atmosphere above 
the liquid when subjected to a vacuum. 

87. The abstirdily of siection, as a cause of the 
rise of fluids in exhausted tubes, may be clearly shown 
by Fig. 87. Let a glass tube be screwed to the lower 
end of the stop-cock of a Torricellian receiver, and 
extend down into a cup of mercury, as seen in the 
figure. To the upper end of the stop-cock screw 
an exhausting-syringe, and place the whole on the 
plate of the air-pump, and perfect a V£kcuum in the 
receiver. Now with the stop-cock open work the ex- 
hausting-syringe ; the mercury cannot be sucked 
up in the barometer-tube ; but admit the air into 
the receiver, and then work the syringe, and the 
mercury rises by atmospheric pressure on the fluid in the cup, 
which could not happen when this pressure was removed by an 
exhaustion of the receiver.* 

^Ignoranoe of pneumatic laws has occasionally prodaced ridicoloas and 
ezpensiTe mistakes, as in the construction of iiffht wells, the leading of siphons 
orer elevations more than thirty feet, etc. A celebrated Scotch philosopher 
relates that a wealthy friend had occasion to construct a pump after the most 
thonragh manner. When completed, to the great surprise of the owner it 
Ciiled to operate, and, upon inquiry, he informed his scientific friend, to whom 
he applied for an explanation of the cause of the failure, that he had taken, 
great pains with the whole, having even the walls and top of the well tightly 
covered with cement. The cause of the difficulty was at once suspected, and an 
opening through the top for the admission of the air suggested, which proved 
an efieetnal remedy, causing at once a successful operation of the pump. 




If mercury rise by atmospheric pressure to the height of thirty inches, how 
high may water be raised by the same pressure T Give the experiment tor 
showing the absurdity of suction. 
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8S. It is b; atmospheric pressure tliat Biea and oUier insects 
are enabled to walk up smooth glass, and in verted (m the ceiling, 
and that timpels and shdl-fiah are held bo firmly to the sides of 
vessels and rocks ; the feet of such being formed for expelling the 
air, and producing a partial vacuum 
beneath, wherebj they are held by Ihe 
force of the air to the objects upon 
vrhich they fix. This may be illus- 
trated by 

ExptrimetU. — To the centre of a 
circular piece of smooth leather Gtsten 
a string. Wet the leatlier, and press it 
against the smooth surfuce of a pebble 
or piece of metal. Upon taking hold 
of the string a partial vacuum will 
be produced by the raising of the 
leatlier in its centre, and the atmos- 
pheric pressure will hold it to the 
pebble, etc., so that the body majr 
be suspendnl in the air. 

Air ia governed by the same laws 
as the more dense fluids, pressing in 
all directions, upwards as well as 
downwards. 

E.Tperiment a. — Draw the piston 

to the bottom of the gliss cylinder of 

the tiptrarii pi'essvre apparaius, 

Fig. 88, and attach a fifty-six, or 

greater weight; not, however, so as 

to hang at all on the piston when at the bottom. Screw the 

hose to the pump-plate, then to the small plate on the glass 

cylinder, ns shown in the figure. Exhaust, and the pressure of 

tlie external sir will drive up the piston into the vacuum 

In what direelions does th* air eiert its preesurel Row may llils upmn] 
prceiure of the »ir be *hovn hj' Fig. 88 T 
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above, taking up also the attached weight Now pull down upon 
the leather strap and let go the hand ; the piston and weight 
will rise and tilt on the air seyeral times, forming a beautiful 
atmospheric spring.* 

89. The Barometer,^ — The weight of the atmosphere, and 
its power of balancing a column of a more dense fluid, 
pressing down with an equal weight, has been already illus- 
trated (Fig. 86). It is on this principle that the barometer 
operates. Take a strong glass tube, hermeticallj sealed at one 
end and open at the other ; fill this with mercury, and invert it 
Jig. 89. in a cup of the same fluid, and the mercury 

will fall down so as to stand at about thirty 
inches, leaving a vacuum in the upper portion 
of the tube.| At this height it is supported by 




a 



* Obserre the order in the above deacription. Guard 
against letting the piston come np Tiolentlj against the 
brass plate, 80 as to raise it and admit the air suddenlj, 
as in such case the weight will fall heavily upon the floor. 
The piston should never be taken from the cylinder by 
the inexperienced, as such will be apt to injure the nice 
edge of the leather in replacing. If the hoee is stiff, guard 
against letting the brass plate tip off the cylinder upon 
the surrounding glasses. 

t BuQoc, weight, and utjQor^ a measure. 

X In filling these tubes heat is usually applied to expel 
the air which adheres to the sides of the glass, or is lodged 
between the particles of mercury. A more successful method 
of filling barometer-tubes, however, is that devised by Mr. 
Chamberlain, of Boston, and shown by Fig. 89. The tube 
is placed, with its open end up, beneath a tall receiver, a, 
provided with a funnel and stop-cock, b. Into this tube 
enters the stem, s, of the stop-cock. The lower and sealed 
end of this tube rests on a cork, c, so that the tube may 
be tilted without harm during the operation. Pour some 
pure mercury into the tunnel, after the apparatus is arranged on the pump, 
plate, and with a good air-pump exhaust thoroughly ; then open the cock. 




On what principle does the barometer act 7 Describe the manner of making 
a simple form of the barometer. 
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the atmospheric pressure. If this tabe be allowed to remain 
in an upright position, and carefully watched, the mercnml 
column will be seen to vary from time to time, corresponding 
with the changes in the density and pressure of the air. Let 
now a scale, graduated and marked to indicate these chai^, 
be affixed to the tube, and we have the common barometer. 

Experiment. — The principle on which the m«r- 
curial column is supported, and rises and &lls in 
the barometer, may be illustrated by Fig. 90. 
Place a common barometer-tube on the plate of the 
air-pump, and cover with a tall Torricellian 
receiver. Before exhausting, the pressure of the 
air on the surface of the mercury in the cistern 
will support this in the tube at about thirtj I 
inches.* Work the pump, and remove a portion 
of the air from the receiver, and the mercury 611s 
in the tube to correspond with the rarefaction of 
the air, or diminution of its density and pressure. 
Continue to exhaust, and the mercury will rapidly 
descend, and soon very nearly reach a level with 
that in the cistern. Admit the air, and it again 
rises and stands as before. 

9(J. The barometer may, therefore, be regarded as a measure 



k 



Btid let the mercury drip slowly into tLe tube until it is filled ; remoTe the 
receiver, and invert and place the end of the tube in a mercury-cistem. The 
barometer tube is thus freed from air more effectually than by any other 
known method. 

* Mercury is about 11,152 times heavier than air ; and, since difiereot 
fluids which balance each other have their heights inversely as their gravi- 
ties, it follows that the height of a column of air, of uniform density, which 
will sustain the mercury in the barometer at 80 inches, will be 80 X l^*^^*^ 
= 834,660 inches, or 27,880 feet = 6.28 miles. This, then, may be regarded 
as the average height of the atmosphere, if it be supposed of unifonn 
density. 



How may it be proved that it is the pressure of the air which supports a 
column of mercury in the barometer ? Of what ia the barometer a meMore! 
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of the weight and density of the atmosphere ; and, as these variar 
tions of density correspond somewhat to the changes of 
weather, this instrument is usually regarded as a weather- 
glass^ and marked on the scale accordingly, rain^ /«'V, and 
dry. Such marks are, however, arbitrary, and fer from afford- 
ing an infallible guide ; for, while one barometer on the sea- 
shore, which sustains the weight of the entire atmospheric column, 
indicates fidr weather, another, on a high eminence near by, 
above the lower stratum of air, and, of course, sustaining less 
of its weight, may, at the same time, indicate rain, or even a 
violent tempest. In general, however, the rise of the barometer 
denotes fair, and its descent stormy weather. A sudden and 
remarkable fall of the mercury usually precedes and attends 
violent winds ; hence this instrument is of the highest service 
to mariners when sailing in tropical latitudes, where they are 
liable to meet with whirlwinds, typhoons, and other fearful 
winds ; the barometer often giving suflScient warning to enable 
them to avert these dangers. 

The barometer is also of great value in determinitig heights. 
The density of the air diminishes regularly as we ascend from 
the level of the ocean ; thus, at three miles it is only about one 
half; at seven miles, one fourth, and so on. Now, as the height 
of the mercury corresponds to the density of the air, and' this to 
the elevation, the height of any place may be readily known by 
noting the point at which the mercury stands at that place. 
Thus, when ascending a hill or mountain, or rising in a bal- 
loon, die elevation may be known at any time by consulting the 
barometer. If this, for instance, stand at 24.79 inches, the 



Why do th« rise and fall of the mercary in this nsaallj indicate changes of 
weather? How is the scale of the barometer nsually marked? What is said 
of these marks ? Why are- they not unerring guides in determining the states 
of weather ? In general, what does the rise of the mercury indicate? What 
its ihll ? What does a sadden fall of the mercury indicate ? Where is the 
barometer of special service ? How are we enabled to determine hetghts by 
means of the barometer 7 

10 
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Fig. 91. 



elevation is nearly 5,000 feet ; if at fifteen inches. 10,000 
feet ; and so diminishing vfith the elevation. 

91. The Boding of Liquids, — The temperature at Trhich 
liquids boil varies with the pressure on these. Thus, under the 
ordinary atmospheric pressure of fifteen pounds to the square 
inch, water boils at 212^ Fahrenheit K, now, the same be 

placed in a receiver, and a partial vacuum effected 
by means of the air-pump, the degree of heat re- 
quired for making it boil will become less ; aikd 
in the vacuum produced by a superior modem 
air-pump the liquid will boil even at thejreez- 
ing-'point of water. On the contrary, water may 
be heated, under a pressure, so hot as to meJi 
lead, and yet not boil. 

Experiment, — Take a strong glass flask pro- 
vided with a stop-cock, as seen in Fig. 91 ; place 
in this a thermometer prepared for the purpose. 
Pour in some water, and, with the stop-cock open, 
apply heat Whwi the thermometer indicates 
212**, the elasticity of the vapor will overcome 
the atmospheric pressure, and ebullition will begin. 
Close the stop-cock so as to prevent the escape of 
the vapor ; . a greater pressure will at once stop 
the boiling, and, if the heat be continued, the 
thermometer will rise several degrees before this 
will commence again. Now remove the lamp, and 
allow the liquid to cool considerably below 212**, 
and, with the stop-cock closed, plunge the flask in cM water^ 
when a rapid boiling will be renewed, owing to the formation of 
a partial vacuum by the condensation of the vapor above the 



How does the temperature at which liquids boil vary? The boiling-point 
under the ordinary pressure of the atmosphere T What is said of the boiling- 
point in an exhausted receiver T Describe the process of boiling in the glass 
flask. Fig. 91. Why does the liquid again boil when the flask is plunged in 
cold water ? 
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irater in the -flask. This boiling, by cooling may be repeated 
sevei^ times, and constitutes the atllnart/ paradox. *^ Prom 
the same cause liquids boil at a much lower heat on mountains 
than near the level of the ocean. Thus, on the summit of Mont 
Blanc, the boiling-point of water is only 180°, a temperature 
too low for cooking many common vegetables. 

Upon this same principle, Mr. Howard, of England, a few 
years since, devised a plan for boiling down syrups at a low 
temperature, by placing these in large vacutim-pans, from 
which the air and vapor may be constantly removed by air- 
pumps. By this arrangement much less heat is required, and 
the quality of the sugars thereby greatly improved. 

Ejrperimeni a. — Water at different temperatures boils 
at different degrees of rarefaction. — Fill the tall jar, Fig. 
85, about half full of cold water, then pour in carefully, 
tlirough a long tunnel, a pint of hot water. Cover with the 
b^ll-glass, and exhaust, and the warm water will boil violently, 
while no visible effect will be produced on the cold water 
below. 

92. The Atmospheric Telegraph, an invention recently 
pateiited by Mr. I. S. Richardson, is designed for transmitting 
mails and othQr matter, at great speed, through exhausted 
tubes, by the force of atmospheric pressure. A piston or 
plunger, packed with soft leather, fits the tube; to this is 
attached a long cylindrical mail-bag. When ready for trans- 
mission, the plunger with its attachments is placed in the 
end of the tube behind an air-tight '' cut-off." The tube is 
then exhausted by large air-pumps, to be worked by steam 

• A spring gauge, for showing the degree of the pressure of the vapor, is 
screwed to the cock, as seen in the figure. This may be removed. 



What 18 said of the boiling-point of liquids on mountains T The boiling- 
point on Mont Blanc T The use and advantages of vacaum-pans ? Give Ex- 
periment a. What is the design of the Atmospheric Telegraph? How is it 
operated? 
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power ; and when a tolerable vacuum is effected, the " cnt-off " 
is raised, and the plunger set free on the side of the vacuam. 
Atmospheric pressure then forces this into and through the 
exhausted tube '^ with a speed equal to about six hundred and 
thirtj-five miles per hour." Although- highly operative on a 
small plan, as shown bj models, yet the practicability of the 
Atmospheric Telegraph on a large scale remains to be tested. 

FLUIDiry OF AIR. 

93. Air is a fluid, and follows the general laws which govern 
the flow and equilibrium of water and the more dense fluids. 
Thus, when a space is rendered partially void — as the receiver 
of an air-pump, for instance — by exhaustion, the fluid air 
around, when permitted, at once flows in to fill the empty 
space. So, on a more extended scale, the rarefiiction of the air 
over a certain region by the sun's heat, causes the surrounding 
denser portions to flow in, forming the gentle zephyr as well as 
the terrific tornado. 

Again; air, like the more dense fluids, raises and floats 
bodies specifically lighter than itself Thus, as water raises 
and floats wood, cork, etc., so air raises and buoys up a balloon 
inflated with hydrogen, which is specifically lighter than itself. 
In the same way clouds and smoke are lifted and sustained 
by the air. 

ELASTicrrr and expansion of air. 

94. Of elastic fluids air may be taken as a type or example, 
being permanently elastic. If a portion of this be subjected to 
the most intense pressure for years, it loses none of its elasticity, 
but at once resumes its original volume when this pressure is 
removed. 



The speed at which it is pxx>po8ed to transmit packages by this T Is air a 
duid ? Give any illustrations of this. Of what class of flaids may air \)0 
taken as the type 7 W^hat is said of its eUstioity 7 
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As we have already remarked ' (00), the density of the 
atmosphere dlmiuishes as we ascend from the earth, where the 
pressure of the uxcumbent mass becomes less and less. This is 
agreeable with the law of Mar'ioite, that " The volvmes of 
yases are in the inverse ratio of the pressures which they 
support y 

Experifnent — Take the siphofi-baromeier. Fig. 86, re- 
move the hose, and, with the stop-cock open, pour in mercury 
through the long arm until it shall stand just above the curve 
in either arm. Close the stop-cock ; the air in the short arm 
now sustains the ordinary pressure of a single atmosphere. 
Poor mercury into the long arm until it shall stand at the 
same height above that in the short arm as that in the barom- 
eter. The air confined in the short arm now sustains a weight 
equal to two atmospheres, and has diminished in bulk one half. 
The weight of an additional atmosphere would cause it to oc- 
cupy one third its original volume, and so with the pressure of 
each additional atmosphere will be a proportional diminution 
of volume, agreeably with the above law. 

95. The expansion of air has no assignable litnits^ but, as 

the pressure is removed, the want of cohesion 
^^- ^ between its particles causes them to separate, 

and the fluid to occupy an indefinite volume. 
Experiment — After pressing the air as 
for as possible from the sheet-rubber bag, 
screw into the nozzle a hook-plug, to make it 
air-tight, and suspend it under a bell-glass from 
the stop-cock, as seen in Fig. 92, or, which 
is better, from a sliding-rod. Place the whole 
on the pump-plate, and exhaust; the rare- 
faction in the receiver will cause the trifle of air remaining in 
the bag to expand and swell it to plumpness ; and, if the 

What IS Uie law of Mariotte? How may thi» be illustrated by the stphon- 
baromcter. Fig. 86 T What ia said of the expansion of the air ? Show the ex- 
panmre force of air by the arrangement. Fig. 92. 

10* 
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bag be not anfficiently yielding, the exp&n^ve force may be so 
great as to burst it. Thus, ^e expansive fcffce of the air oon- 
fined witbin shrivelled apples, raisins, etc.j will cause them, 
when placed iu an exbansted receiver, to beoome plamp and 
full, and appear as when fresh. 

Experiment a. — Screw into the nozzle of a small rubber 
bag a screw-plug, after the air has been 
' forced from it hy the hand; attach a weight, 
pliicc in a tall jar of water, and cover with a bell- 
gVxss on the pump-plate, as seen in Fig. 93. 
Atmospheric pressure acts through the water od 
the air confined in the bag. Remove this piessore 
by exhausting, and the bag at once 
becomes inflated hj the expansion of 
its confined, air, and rises. Admit 
the air into the bell, and the bag 
again contracts, becomes specificallj 
heavier than the water, and descends, 
thus illustrating the Hydrostatic 
BaUoon. 

Experiment b. — The same prin- 
ciple of aerial pressure and elasticity 
is better illustrated by the Pneumatic BaUoon, 
Fig. 94. This balloon is placed in a tall jar, nearly 
filled with water or alcohol, with a covering of 
sheet-rubber tightly drawn over its top, and is 
partly filled with liquid, leaving a portion of air 
confined in the upper part, sufficient to render it 
n trifle lighter than the same bulk of the liquid. When float- 
ing upon the top, a pressure on the sheet-rubber will be com- 
municated through the air to the liquid, which will be afliicted 
throughout ; and, by its upward pressure, enter the small hole in 
the bottom of the balloon, compressing the air confined io it, 
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' Dcirly full of water, and place in it a. fish; remore tlw 
conilessiiig-gauge, and in its place screw ^ plug; connect with 
the air-jtump by means of a hose and coupler, and exhaust. 
The removal of tte pressure from the water, and through this 
from the air-bladder, will cause this to expand, and bring the 
fish to the top of the water ; and, if the rarefaction be carried 
sufficiently far, the bladder will be ruptured. Again, attach the 
condenser, and work it a few strokes, and the compression of 
the air in the bladder will bring the fish to the bottom, in spite 
of its efforts to rise. 

96. Erperiment. — Bacchus in Vacuo, Fig. S6, is an amus- 
ing illustration of the expansion of air. 
^'' This is an image mounted on a small 

barrel, which has a partition in the 
middle dividing it in two parts, one of 
which is open to atmospheric pressure, 
while the other is closed, and contains 
some colored li<juid, with a small portion 
of confined air above it. From the end 
of the barrel in which the liquid is, a 
glass tube passes into the mouth of the 
image, and down through it to the open 
end of the barrel. Upon covering with 
a bell-glass, and exhausting, t^e erpan- 
simi of the air in the closed cud of the barrel forces the 
liquid up tlie glass into the mouth of the imago, while, at the 
same time, a tight rubber bag concealed under the dress, ex- 
pands and swells the abdomen, thus adding to the illusion. 

Experiment a. — The elastic force of air acting on liquids 
is shown by the Fountain in Vacuo, Fig. 97. Fill the lower 
globe nearly full of colored water, and let the centre and open- 
In the eipenment of BsochoB in Vaaila, whntoauoee the liquid to rin-m tbi 
tabe lesdiDg from the barrel to the month T Cause of the expnanon of the bag 
attached to the image T What etatM Ibfi liquid to flow fram the lower to the 
ttppn (lobe, in Fig. ST T 
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azid causing the balloon to sink, from an increase of its specific 
graWtj. Remove the pressure, and the balloon rises. "^^ 

Remarks. — This instrument illustrates several important 
principles in pneumatics and hydrostatics. By the materlal'Uy 
of the air J which intervenes, pressure is communicated to the 
water; the campressiinlity of the air in the balloon causes it to 
sink ; its elasticity expels the water again from this, causing it to 
rise, while the lightness of the air buoys up the balloon. The 
pressure of liquids is in all directions^ for the water ris^ in 
the balloon, while the pressure on it is downward, and their 
pressure is as the depth^ for the air is diminished in bulk as 
the balloon descends. 

On the principles illustrated by the last experiment, ^^Ae^ rise 
and sink in water. These are provided with an air-bladder, 
lying along the vertebral column, by a voluntary contraction 
and expansion of which, they are enabled to change their spe- 
cific gravity, so as to descend or rise at pleasure. 

Experiment c. — Fill the condensing-chamber. Fig. 80, 

* The pressure required to sink this wiU diminish as the depth of its descent 
increases, and when nicely balanced at the top, and forced to the bottom, it 
wiU remain there, from the pressure of the water above on the air confined 
within the balloon. To raise it again, place the jar under a tall bell-glass. 
Fig. 91, and exhaust a trifle ; or take a long slim tube, with a curved end, 
pass it down into the jar, and bring to the small hole in the bottom of the bal- 
loon ; then apply the mouth to the tube, and blow in air until the balloon 

The expansive force of air may be shown by screwing into the 
Tic> 9ft* ^qI^ Qf the pump>plate the guard-plug. Fig. 54, and placing 
on the plate, beneath a wire>guard, a buritinff-tquare. Fig. 95, 
the nozzle of which has been closed with sealing-wax. Cover 
with a belUglass, and exhaust The removal of the external 
pressure will cause the air confined within to exert its ex- 
pansive force without a counterbalance, and the glass will 
burst, flying into a thousand pieces. Observe the caution 
in § 80. 




What important principles are illustrated by this experiment 7 Cause of the 
rise and fi&U of fishes in water T niustration with the condensing-chamber T 
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' Dcnrly full of water, and place in it a fish ; remove the 
coDdeQsing-gauge, and ia its place screw a, plug ; connect with 
the au'-pnmp hj means of a hoeo and coupler, and exbaost. 
The removal of the pressure from the water, and tlirongh this 
from the air-bladder, will cause this to expand, and bring the 
fiah to the top of the water ; and, if the rarefactioQ be carried 
Bufficientlj fiir, the bladder will be ruptured. Again, attach the 
condenser, and work it a few strokes, and 'the compression of 
the air in the bladder will bring the fish to the bottom, ia spite 
of its efforts to rise. 

96. Experiment. — Bacchus in Vactto, Fig. 96, is an amus- 
ing illustration of the expansion of air. 
' This b an image mounted on a small 

barrel, which has a partition in the 
middle dividing it in two parts, one of 
which is open to atmospheric pressure, 
while the other is closed, and contains 
some colored liquid, with a small portion 
of confined air above it. From the end 
of the barrel in which the liquid ia, a 
glass tube posses into the mouth of the 
image, and down through it to the open 
end of the barrel. Upon covering with 
a bell-glass, and exhausting, t/ie expan- 
sion of the air in the closed end of the barrel forces the 
liquid up the glass into the mouth of the image, while, at the 
same time, a tight rubber bag concealed under the dress, ex- 
pands and swells the abdomen, thus adding to the illusion. 

Experiment a. — The elastic force of air acting on liquids 
is shown bjr the Fountain in Vacuo, Fig. 97. Fill the lower 
globe nesrljr full of colored water, and let the centre and open- 
in the eiperioieDt of Boochiu in Vaciw, wbnt oatues the liquid to riae in Ibe 
tnbe leading from the twrrel to tbe month I Cause of the eipnnsion of the bag 
attached to the imageT What oanaea the liquid to flaw fram the lower to the 
upper globe, in Fig. 97 T 
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mouthed globe with its jets be screwed into this, while the upper, 

with its neck down, covers the jet in the 

^ ' centre globe. Place on the pump-plate, 

4M and cover with a bell-glass ; exhaust, and 

^^(^^^^ remove the pressure of the air from the 

//f§^\ opc^ J6*- ^^*^ expansive force of the 

( III ) \ air in the lower globe will drive the water 

into the upper, from which it falls into the 
centre globe. Now admit the air, and the 
water is all driven up, and remains in the 
upper globe. Exhaust, and it again falls 
into the centre one.*. 

97. The expansive force of the air is 
directly as the pressure upon U. — Remove 
the exterior jet of the Artificial Foutitain- 
glass, Fig 99. Screw to the centre hole of the pump-plate, 
and exhaust ; replace the jet, immerse the end in water, 
and open the stop-cock. The pressure of the external air will 
force in the water through the long inner jet, forming a beau- 
tiful vacuum fountain. When about two thirds filled, attach the 




Tig. 83. 




• A revolving-jei and fountain in vacuo, beautifully 
illustrates the same property of air acting on liquids. 
Attach a revolving-jet to the lower globe in the last ezper- 
iment, and arrange on pump-plate, as seen in Fig. 98. 
Exhaust, and the expansive force of the small body of air 
confined above the water will act on this, and force it up 
through the jet, causing this to revolve rapidly, indepen- 
dent of atmospheric reaction. 

Keep these revolving-jets well oiled, and regulate their 
freedom by the binding-screw at the end. After such ex- 
periments, requiring the use of water, brass-work should 
never be set away in a damp and neglected state. More 
apparatus is injured by carelessness and neglect, than 
by use. 



Why, upon admitting the air again into the receiver, does the liquid flow 
from the middle into the upper globe? What is the expansive force of air as T 
Give the experiments with the Artificial Fountain-glass. 
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the atmospheric pressure. If this tube be allowed to remam 
in an upright position, and carefully watched, the mercurial 
column will be seen to vary from time to time, corresponding 
with the changes in the density and pressure of the air. Let 
now a scale, graduated and marked to indicate these changes, 
be affixed to the tube, and we have the common barometer. 

Experiment. — The principle on which the mer- 
curial column is supported, and rises and falls in 
the barometer, may be illustrated by Fig. 90. 
Place a common barometer-tube on the plate of the 
air-pump, and cover with a tall Torricelliaji 
receiver. Before exhausting, the pressure of the 
air on the surface of the mercury in the cistern 
will support this in the tube at about thirty 
inches.* Work the pump, and remove a portion 
of the air from the receiver, and the mercury fells 
in the tube to correspond with the rarefaction of 
the air, or diminution of its density and pressure. 
Continue to exhaust, and the mercury will rapidly 
descend, and soon very nearly reach a level with 
that in the cistern. Admit the air, and it again 
rises and stands as before. 

90. The barometer may, therefore, be regarded as a measure 

and let the mercury drip slowly into tLo tube until it is filled ; remoTe the 
receiver, and invert, and place the end of the tube in a mercury^istem. The 
barometer tube is thus Areed from air more effectually than by any other 
known method. 

* Mercury is about 11,1^2 times heavier than air ; and» since diflferent 
fluids which balance each other have their heights inversely as their gravi- 
ties, it follows that the height of a column of air, of uniform density, which 
will sustain Uie mercury in the barometer at 80 inches, will be 80 X 11>152 
^ 834,560 inches, or 27,880 feet == 5.28 miles. This, then, may be r^arded 
as the average hdght of the atmosphere, if it be supposed of uniform 
density. 



k 



How may it be proved that it is the pressure of the air which support) a 
column of mercury in the barometer ? Of what is the barometer a measure ? 
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of the weight and density of the atmosphere ; and, as these varia- 
tions of density correspond somewhat to the changes of 
weather, this instrument is usually regarded as a weather- 
glass^ and marked on the scale accordingly, rain^ f^ir^ and 
dry. Such marks are, however, arbitiary, and £ir from afford- 
ing an infallible guide ; for, while one barometer on the sea- 
shore, which sustains the weight of the entire atmospheric column, 
indicates &ir weather, another, on a high eminence near by, 
above the lower stratum of air, and, of course, sustaining less 
of its weight, may, at the same time, indicate rain, or even a 
violent tempest. In general, however, the rise of the barometer 
denotes fair, and its descent stormy weather. A sudden and 
remarkable fell of the mercury usually precedes and attends 
violent winds ; hence this instrument is of the highest service 
to mariners when sailing in tropical latitudes, where they are 
liable to meet with whirlwinds, typhoons, and other fearful 
winds ; the barometer often giving sufficient warning to enable 
them to avert these dangers. 

The barometer is also of great value in determiriiiiy heights. 
The density of the air diminishes regularly as we ascend from 
the level of the ocean ; thus, at three miles it is only about one 
half; at seven miles, one fourth, and so on. Now, as the height 
of the mercury corresponds to the density of the air, and* this to 
the elevation, the height of any place may be readily known by 
noting the point at which the mercury stands at that place. 
Thus, when ascending a hill or mountain, or rising in a bal- 
loon, the elevation may be known at any time by consulting the 
bannneter. If this, for instance, stand at 24.79 inches, the 



Why do the rise and fiiU of the mercury in this usually indicate changes of 
weather? How is the scale of the barometer usually marked T What is said 
of these marks ? Why are they not unerring guides in determining the states 
of weather? In general, what does the rise of the mercury indicate? What 
its fall ? What does a sudden fall of the mercury indicate 7 Where is the 
barometer of special service ? How are we enabled to determine heights by 
means of the barometer? 

10 
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Fig. 91. 



elevation is nearly 5,000 feet ; if at fifteen inches, 10,000 
feet ; and so diminishing with the elevation. 

91. The Boiling of Liquids. — The temperature at which 
liquids boil varies with the pressure on these. Thus, under the 
ordinary atmospheric pressure of fifteen pounds to the square 
inch, water boils at 212^ Fahrenheit If, now*, the same be 

placed in a receiver, and a partial vacuum eflkcted 
by means of the air-pump, the degree of heat re- 
quired for making it boil will become less ; and 
in the vacuum produced by a superior modem 
air-pump the liquid will boil even at the freeze 
itig-point of water. On the contrai-y, water may 
be heated, under a pressure, so hot as to nidi 
lead, and yet not boil. 

Experiment. — Take a strong glass flask pro- 
vided with a stop-cock, as seen in Fig. 91 ; place 
in this a thermometer prepared for the purpose. 
Pour in some water, and, with the stop-cock open, 
apply heat When the thermometer indicates 
212°, the elasticity of the vapor will overcome 
the atmospheric pressure, and ebullition will begin. 
Close the stop-cock so as to prevent the escape of 
the vapor ; . a greater pressure will at once stop 
the boiling, and, if the heat be continued, the 
thermometer will rise several degrees before this 
will commence again. Now remove the lamp, and 
allow the liquid to cool considerably below 212**, 
and, with the stop-cock closed, plunge the flask in cold walm-^ 
when a rapid boiling will be renewed, owing to the formation of 
a partial vacuum by the condensation of the vapor above the 



How does the temperature at which liquids boil vary T The boiling-pomt 
under the ordinary pressure of the atmosphere T What is said of the boiling- 
point in an exhausted receiver T Describe the process of boiling in the glaa 
ilaiik. Fig. 91. Why does the liquid again boil when the flask is plunged in 
cold water? 
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irater in the flask. This boUing, by cooling may be repeated 
seyeral times, and constitutes the culinary paradox.^ From 
the same cause liquids boil at a much lower heat on mountains 
than near the level of the ocean. Thus, on the summit of Mont 
Blanc, the boiling-point of water is onlj 180®, a temperature 
too low for cooking many common vegetables. 

Upon this same principle, Mr. How^ard, of England, a few 
years since, devised a plan for boiling down syrups at a low 
temperature, by placing these in large vacuvvn^pans^ from 
which the air and vapor may be constantly removed by air- 
pumps. By this arrangement much less heat is required, and 
the quality of the sugars thereby greatly improved. 

Experiment a, — Waier at different temperatures boils 
at different degrees of rarefaction. — Fill the tall jar, Fig. 
85, about half full of cold water, then pour in carefully, 
through a long tunnel, a pint of hot water. Cover with the 
bell-glass, and exhaust, and the warm water will boil violently, 
while no visible effect will be produced on the cold water 
below. 

92. T/ie Atmospheric Telegraph, an invention recently 
patextted by Mr. I. S. Richardson, is designed for transmitting 
mails and oth^r matter, at great speed, through exhausted 
tubes, by the force of atmospheric pressure. A piston or 
plunger, packed with soft leather, fits the tube; to this is 
attached a long cylindrical mail-bag. When ready for trans- 
mission, the plunger with its attachments is placed in the 
end of the tube behind an air-tight " cut-off.'' The tube is 
then exhausted by large air-pumps, to be worked by steam 

* A spriog gauge, for showmg the degree of the pressure of the vapor, ia 
»:rewed to the cock, as seen in the figure. This may be removed. 



What is said of the boiling-point of liquids on mountains ? The boiling- 
point on Mont Blanc ? The use and advantages of vacuum-pans 7 Give Ex- 
periment a. What is the design of the Atmospheric Telegraph? How is it 
operated 7 
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power ; and when a tolerable vacuum is effected, the " cut-off" 
is raised, and the plunger set free on the side of the vacuum. 
Atmospheric pressure then forces this into and through the 
exhausted tube '^ with a speed equal to about six hundred and 
thirty-five miles per hour." Although' highly operative on a 
small plan, as shown by models, yet the practicability of the 
Atmospheric Telegraph on a large scale remains to be tested. 

FLuiDrrr of air. 

93. Air is a fluid, and follows the general laws which govern 
the flow and equilibrium of water and the more dense fluids. 
Thus, when a space is rendered partially void — as the receiver 
of an air-pump, for instance — by exhaustion, the fluid air 
around, when permitted, at once flows in to fill the empty 
space. So, on a more extended scale, the rarefaction of the air 
over a certain region by the sun's heat, causes the surrounding 
denser portions to flow in, forming the gentle zephyr as well as 
the terrific tornado. 

Again; air, like the more dense fluids, raises and floats 
bodies specifically lighter than itself. Thus, as water raises 
and floats wood, cork, etc., so air raises and buoys up a balloon 
inflated with hydrogen, which is specifically lighter than itself. 
In the same way clouds and smoke are lifted and sustained 
by the air. 

ELASTICirr AND EXPANSION OF AIR. 

94. Of elastic fluids air may be taken as a type or example, 
being permanently elastic. If a portion of this be subjected to 
the most intense pressure for years, it loses none of its elasticity, 
but at once resumes its original volume when this pressure is 
removed. 



The speed at which it is proposed to transmit packages by this 7 Is air ft 
llaid ? Give any illustrations of this. Of what cUifiS of flaida may air be 
taken as the type T What is said of its ehwticity 7 
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As we have already remarked* (00), the density of the 
atmosphere diminishes as we ascend from the earth, where the 
pressure of the incumbent mass becomes less and less. This is 
agreeable with the law of Mariotte. that " The volumes of 
(/ases are in the inverse ratio of the pressures which they 
support y 

Ezperifnent, — Take the siphon-barometer ^ Fig. 86, re- 
move the hose, and, with the stop-cock open, pour in mercury 
through the long arm until it shall stand just above the curve 
in either arm. Close the stop-cock ; the air in the short arm 
now sustains the ordinary pressure of a single atmosphere. 
Pour mercury into the long arm until it shall stand at the 
same height above that in tlie short arm as that in the barom- 
eter. The air confined in the short arm now sustains a weight 
equal to two atmospheres, and has diminished in bulk one half 
The weight of an additional atmosphere would cause it to oc- 
cupy one third its original volume, and so with the pressure of 
each additional atmosphere will be a proportional diminution 
of volume, agreeably with the above law. 
95. The expansimi ofau* has no assignable limit s, but, as 

the pressure is removed, the want of cohesion 
^^' ^ between its particles causes them to separate, 

and the fluid to occupy an indefinite volume. 
Experiment — After pressing the air as 
fer as possible from the sheet-rubber bag, 
screw into the nozzle a hook-plug, to make it 
air-tight, and suspend it under a bell-glass from 
the stop-cock, as seen in Fig. 92, or, which 
is better, from a sliding-rod. Place the whole 
on the pump-plate, and exhaust; the rare- 
faction in the receiver will cause the trifle of air remaining in 
the bag to expand and swell it to plumpness ; and, if the 

What b the law of Mariotte? How may thia be illustrated by the mphon- 
Urometer, Fig. 86? What ia eud of the expansion of the air? Show the ex- 
P^uive force of air by the arrangemeut. Fig. 92. 

10^* 
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THE MECHANICAL AGENCIES OF STEAM. 

103. Water, when heated to a temperatare of 212**. under the 
ordinary pressure of the atmosphere, is resolved into an invis- 
ible vapor, which, upon condensation by cold, becomes visible, 
and is known as steam. By such a change, in passing from a 
liquid to a vapor, the volume of the water is vastly increased, 
occupying a space about seventeen hundred times greater in 
the latter than in the former state. Such an increase of vol- 
ume gives to steam great power as a motive agent, which, tlirough 
the steam-engine, has been applied of late years to propelling 
every variety of machinery. It is the province of chemistiy 
to explain the laws of heat which regulate the formation of 
vapor or steam, and of natural philosophy to show the appli- 
cation of this as a mechanical force. 

The elastic force of vapor, from water at 212**, is just suffi- 
cient to overcome the pressure of the atmosphere, and at such 
a temperature in the open air ebullition accordingly goes on 
freely ; but, if water be confined in a tight vessel, its boiling- 
point will be raised {§ 92), and the density and elastic force of its 
vapor will increase with its temperature. This may be illustrated 
by an apparatus known as ikfarce/'j St eani- Globe, Fig. 112. 

Experiment. — Unscrew from the brass globe the long her- 
metically sealed glass tube, with its graduated scale, 5, and 
through the opening pour in suflScient mercury, 7, to fill the 
bore of the tube, and then cover with water, 8, in the pro- 
portions shown in the cut ; replace the tube and scale. With 
the thermometer, 4, screwed into the side, and the stop-cock, 
6, open, apply heat. At 212'* the water will boil. Now 

What is steam 7 What is eaid of the volume of water in passing from a liquid 
to a vapor state 7 What gives to steam its great motive power 7 What is said of 
the elastic force of vapor from water at 212° of Fahrenheit's thermometer ? 
Eftect upon the boiling-point by heating water in a tight vessel? Give the 
experiment with Marcet's Steam-Globe. Does the clastic force of the \apor 
»iicro-i.«e with its tvtnpernture ? 
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Tig. 112. 
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2lose the stop-cock, and the boiling ceases, while the tem- 
perature and elastic force of the steam increase. This, pressing 
on the water and mercury, will force the latter up the tube, at 

heights varying with the tension and pressure 
of the steam.* Thus, at a temperature of 249°, 
the pressure of the vapor will have increased to 
that of two atmospheres, 293** to four; 
320° to six atmospheres, and so on. Thus, 
the elastic force corresponding to each ad- 
ditional degree of heat . may be shown by 
this arrangement up to that of twelve or 
sixteen atmospheres. This force of vapor 
will be found, moreover, to increase in a far 
more rapid ratio than the temperature ; that 
is to say, a definite elevation of temperature 
produces' a far greater increase of tension in 
the vapor at high, than at low temperatures. 
Thus, from 212« to 249° (an elevation of 
37°), the expansive force of the steam is in- 
creased only a single atmosphere; while 
from 438° to 456° (a rise of only 18°), 
shows an additional increase in the elastic 
force of the vapor, equal to Jive atmospheres, f 
104. Experiment, — The elastic force of 
steam may be again illustrated by the JEolo- 
pile, Fig. 113. This is a hollow brass bulb, provided with a 
handle and jet. Heat the bulb over a spirit-lamp, and then 
plunge the jet and bulb in cold water ; the water will be driven 




*Ths8 tube has its upper end hermetically sealed, and the degree of pres- 
sure is shown as with the CoDdensing-Guage, Fig. 48. 

tWhen this steam-globe is charged to a pressure of seven, eight, or 
more atmospheres, attach to the stop-cock the air-gun, revolving-jet, etc., 
and the same experiments may be performed by the elastic force of steam aa 
by air, except that those by steam will be with far more energy*. 



Kxplain the experiment with the Eolopile» Im^. 118. 
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into the bulb to supply the partial yacuum occasioned by the 

expulsion of the air ^hen heated. When this is 

^* partly filled, hold it again in the flame. Steam will 

soon form from the water, and by its elastic force 

be driven forcibly through the jet* 

The Steam-Engine, — This may be justly re- 
garded as the most valuable inven^on of modem 
times, since none have contributed more to the 
physical comforts and social delights of man. The 
present form of the steam-engine is due mainly to 
the genius and mechanical skill of Sir James Watt, 
of England, whose investigations on this subject 
commenced about the year 1763. The power of 
steam, as a propelling agent, was known for some 
time previous to this date, and applied through that 
form of engine now known as the Atmospheric-Engine, This was 
an exceedingly rude and expensive application of steam, and it 

was from observing its defects that Mr. Watt 
'^- 1^ was led to conceive the present form of 

the steam-engine. 
In order to appreciate the discovery of Watt, 

it is necessary to gain some idea of the oper- 

'^ *"" — ^ ation of the 

105. Atmospheric-Engine, — This may be 

illustrated by an apparatus shown in Fig. 114. 

To a straight brass cylinder is fitted a piston, 

I I with its rod moving through a hole in the 

V ) screw-cap. To this cylinder is attached a 

wooden handle for holding, while heating, and 

• In place of the Btraight, attach the revolving jet, and this will be driven 
rapidly by the eaoaplng steam. A steam-cannon, for firing balls in rapid 
Buoceasion, and to a great distance, has been devised. 

What is said in regard to the Steam-Engine 7 To whom are we chiefly indebted 
for this invention T By what form of engine was the power of steam first ap- 
plied 7 What is said of this engine 7 Describe the Atmospheric-Engine ? 
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just above this, on the side of the cjlinder, is a small spring 
aafetj valve, and to the bottom of the same is soldered a copper 
globe for containing the water. 

Experiment. — Remove the screw-cap and pour in some water, 
or, which is better, alcohol ; replace, and hold the globe in the 
flame of a spirit-lamp ; steam will soon form, and by its expansive 
force drive up the piston ; then plunge the bulb in cold water. 
A vacuum will be suddenly formed by the condensation of the 
steam, and atmospheric presstire will force the piston to the 
bottom. Hold again in the flame, and then in the cold water, and 
again the piston will be driven up and down ; and so the process 
may be continued. If, now, the end of the piston-rod be attached 
to a wheel-crank or lever, the rise and fall of the piston will 
give motion to these, and afford a general illustration of the 
atmospheric-engine. 

Thus, it will be perceived, that, at every descent of the piston, 
the cylinder must be cooled, in order to condense the steam, and 
form the required vacuum. This was done by injecting into 
the cylinder a stream of cold water, which rendered a great ex- 
penditure of heat necessary to bring the water and cylinder 
again to the boiling-point of water. To remedy this. Watt con- 
ceived the idea of a separate condensation^ whereby a vacuum 
might be formed without at the same time cooling the cylinder 
Accordingly, by a valve plticed in the bottom of the cylinder, 
the steam was allowed to escape through a pipe into a separate 
chamber, where, by an injection of cold water, it was immediately 
condensed, and a vacuum thus formed in the cylinder. 

106. Again, the cooling of the cylinder^ by the entry of the 
air as the piston descended, was a second defect which engaged 
the attention of Watt. To remedy this he devised the plan of 
a close cylinder, employing steam instead of the atmosphere to 
force down the piston, thus keeping the cylinder continually 
heated by the steam, and so preventing the condensation of the 

Explain its operation by the figure. What plan did Watt conceive in order 
dO ftToid the cooling of the cylinder? 
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same. A third difficulty now remained to be oyercome, which 
was the removal of the air and warm water from the condenser. 
To effect this, he contrived to attach to the condenser a pump 
with a tube leading to the bottom of the chamber, and worked 
•bj steam, whereby these might be constantly pumped out. 

In addition to these important discoveries, was the providing 
a wood or metallic covering for the cylinder, whereby the escape 
of the heat and condensation of the steam was further prevented. 
This covering is known as ihe jacket. With these improvements 
an actual saving of three fourths of the fuel required for the 
atmospheric-engine was effected. With these preliminary re- 
marks, the learner is now prepared to understand the different 
parts, as shown in the 

• 107. Section Model of Watfs Improved Steam-Etigme, 
Fig. 115. — The cylinder, O, is made air-tight, so that the atmos- 
pheric air can exert no force on the piston moving in it. The steam 
from the boiler is conducted through the steam-pipe^ and enters 
the cylinder alternately at A and B, being admitted through the 
slide-valves attached to the rod, D, which open and close these 
apertures at proper intervals, by means of an attachment con- 
necting with the eccentric, E, of the fly-wheel, F. From the 
steam-box leads the exhaiist-pipe, which enters the water-cistern 
or condenser, into which the steam, after performing its office in 
the cylinder, is conducted. Attached to this condenser is the 
air-pump, P, which is worked by a connection with the beam. 
A parallel work, H, connects the pump and piston-rods, and 
serves to keep these perpendicular and parallel during their 
ascent and descent. The beam-lever, which connects at one end 
with the piston-rod, is attached, and gives a crank motion to the 
fly-wheel, F (<§» 87), at the other. In order to prevent irregu- 

How did he remedy the cooling of the cylinder by the entry of cold &ir as 
the piston descended ? What was Watt*8 third improvement in reference to 
the steam-engine ? What amount of fuel was saved by these improvements T 
Point out the parts, and explain the operation of W^att's engine, hy the section 
model. Fig. 116. 
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larities in the force of the steam, and of course in the motion 
of the machiner/ drivea, the governor, G ($ 88), ia em- 
ployed,* 



Upon the boiler is placed a steam-valve for the escape of the 
eteaui when the boiler is overcharged, the pressure of vrbich is 
regulated by the lever and weight. 

Owing to the accelera/ed motion given to the piston hy the 
full force of the steam acting during its whole passage through 
the cylinder, it ^as found necessary in some way to regulate 

* The full const ructian of litis regulntor ia not sboim jn the out, and can 
only be comprahcDded bj > worMog model, 

What remedy vaa derised io order to >Told the injur; fh>m the Moelenited 

iDotioa acquired liji the pislon 7 
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this force. In order to do this, the valves attached to D (Fig. 
115) were so contrived as to close and cut oflF the steam when the 
piston had made about one third of its descent, allowing this to 
drive the piston through the remaining two thirds, hj its expan- 
sive force alone. Thus, a uniform velocity was given to the 
piston during its entire passage, besides effecting a great econ- 
omy in the expenditure of the steam. 

If the water-cistern or condenser, shown in Fig. 115, Ijp dis- 
pensed with, and the steam allowed to escape from the cylinder 
directly into the atmosphere, instead of passing into a vacuum, 
the piston will be resisted by the pressure of the atmosphere ; 
and of course, to obtain the same power for the engine as before, 
an additional tension of steam will be required equal to this 
pressure. Hence, owing to this additional force required, such 
are termed high-pressure engines. • 

By dispensing with the condenser, air-pump, etc., the high- 
pressure engine of the same power is much smaller, lighter, 
and cheaper. These are consequently much used in smaller 
steam-boats, and for locomotion on rail-roads. 

108. An Operative Model of the High-Pressure Horizmital 
Cylinder Engine^ is shown by Fig. 116. From what has 
been already said, the various parts of this engine may be read- 
ily understood by reference to the figure. 

B is the boiler; C, the cylinder; D, the steam-box, 
where the steam is admitted through the slide-valves to the 
cylinder; E, the lever which opens the valve admitting the 
steam to the steam-box; F, the piston-rod, attached to the 
slide, R, which moves upon two parallel rods, and so guides 
the piston-rod in its motions to and fro. This corresponds to 
the parallel work of Watt's engine. G, the driving-rod, at- 
tached to the crank of the shaft, on which are fixed the balance- 



What will be the eflGect if the condenser be dispensed with T What are high- 
pressure engines 7 Some of the advantages of high-pressaro over low-pressure 
engines 1 Where ai-e high-pressure engines chiefly used ? Point out the parts 
of the high-pressure model, Fig. 116. 
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wheels or regulators, 0, 0; K, the pullej or drum, over 
which nms the belt connecting with the machinery to be driven ; 



n, the eccentrio, to which ia attached the valve-rod leading 
to the 8team-box ; M, the lever of the safety-valve ; Q, the 
eduction-pipe leading from the cylinder and entering the open 
cistern, P, where it is partly condensed, and forced again into 
the boiler by means of the tbroe-pump, J. 
12 
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Fig. IIT presents a Working Model of the Upright Cylin- 
der Hiffh-Presswe Engitte. The parts of this maj- be learned 



&r more readily by witnessing its operation, than from any 
written description. 

Stmark. ^Wnter freed from air will Dot boil *t 21T ; if the iccns of air 
to luch be prevented, nnd tbe lemperalure be raised to 210^, and abote, tlis 
lihale mnsB of liquid mny become hi^hl^ eiplosiTe, exploding irith the Ibrce of 
gunpowder. Enperiment showa (his lo be especially true when a Terj small 
quantity of commoD wal«r is suflered to enler tbe heated liquid. This is 
thought in many iualancea to be the cause of the ftarfiil eiplotrions of steatn- 
lioilerg, — (be waler of the boiler liein|; freed from its air b; ebullition, and tilt 
fbed-wnter admitted when this ig nt a high temperature, cnnses tbe whole to 
explode with a Ibrce far exceeding that of steam at the pressure indicated. 

Tarious altempte hare been mtide of late to substitute hot air, ether, Taper, 
etc., fbr the steam from water, Init as yet without Bucoees. The bi-salphuret 
of cart>on, howover, in said to have been recentlj used, and tbe experiment 
lo promine succets. (See Scitnlific American, June SO, 18G5.) 

What does G^re 11 7 represent T 
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METEOROLOGY. 

109. Meteobology treats of the various phenomena of the 
Atmosphere. — The atmosphere which envelopes the earth may 
be regarded as*a vast laboratory, in which nature, through the 
agencies of heat and moisture, is working constant changes. 
Among the more important results of these atmospheric changes 
may be mentioned the formation of winds, clouds, rain, hail, 
dew, frosts, etc. 

Winds are caused by disturbances in the equilibrium of 
the atmosphere, produced by heat from the sun and other 
sources. — Whenever any portion of the earth's atmosphere 
becomes heated, a rarefaction is the result. This causes the 
cooler and denser air from the surrounding portions to flow in 
to this rarefied space, and winds blowing from different quarters 
are the result. Examples of this are furnished by the sea and 
Lind breezes of islands situated in the midst of the ocean. 

As the earth receives and imparts the heat derived from the 
sun £ur more readily than the water does, the atmosphere 
incumbent upon the former becomes more heated and rarefied 
during the day ; this causes the air over the land to ascend, 
while the cooler and denser portions from the ocean flow in on 
all sides to fill the partial void ; and, hence, the cool sea-breeze 
that is usually felt in such situations during the middle of a 
summer's day.* 

As the sun declines at evening, the land, which parts more 
readily with its heat, soon becomes cooler than the water. The 
atmosphere resting over it, also partaking of the change, the sea- 
breeze gradually dies away ; during the night the aerial currents 
are reversed, and blow from the land towards the ocean, causing 
the land-breeze of the morning. With the heat from the ascending 



Of what does Meteorology treat? The more important results of the changes 
which take place in the atmosphere? How are winds produced? Give an 
cxpluiation of the causes of the sea and land breezes. 
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sun, a sea-breeze is again formed ; and so the change is repeated. 
These sea and land breezes are more marked in tropical lati- 
tudes, where the heat of the sun is more intense. 

Thej are also experienced to a certain extent for a few mileia 
inland, along the main coast bordering upon the ocean, and 
afford an a;;reeable relief from the heat of the summers sun. 

The same cause of winds is sometimes illustrated, on a less 
extended scale, in the burning of buildings during a calm 
evening, when a gentle breeze may be perceived setting in on 
all sides towards the heated space. 

The violent winds frequently attending powerful rain-storma 
are supposed to be produced by the rapid condensation of the 
vapor of the atmosphere in the form of rain. The great re- 
duction in volume, caused by such a condensation of vapor, 
produces a sudden rarefaction of the air, which causes the sur- 
rounding portions to rush in with violence to fill the rarefied 
space, thus giving rise to the terrific winds often experienced 
during such storms, especially in tropical latitudes. 

110. Whirlwinds are caused by the meeting of winds from dif- 
ferent quarters so as to produce a gyratory or whirling movement 
of the air. The tendency of the central portion of these is 
usually upwards, as seen by the course of the light bodies taken 
up by such in their passage across an open field. In tropical 
regions these whirlwinds are often extremely violent, consti- 
tuting hurricanes and tornadoes. *^ When these whirlwinds 

* The terrific force of the wind in tornadoes was seen a few years since in one 
which passed over and devastated a portion of the island of Goadaloape. 
Houses firmly built were demolished ; cannons were hurled from the top of the 
parapets of the batteries on which they were planted ; a thick plank, three 
feet in length and eight inches in breadth, was driven with such a force 
through the air that it perforated a palm-tree about seventeen inches in diam- 
eter, through and through. 



-w 



How is the cause of winds shown in the burning of buildings during a calm 
evening ? Cause of the violent winds often accompanying rain-storms ? How 
are whirlwinds produced ? What is said of these in tropical regions? 
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pass over bodi^ of water, if sufficiently violent, they produce 
UKUer-spouts. 

Trade Winds, — These are winds which prevail in tropical 
latitudes, and usually extend to a distance of about 28° or 30° 
on each side of the equator. Their direction is from the north- 
east towards the south-west on the north side of the equator, 
and from the south-east towards the north-west on the south 
side of the equator, meeting and merging at the equator into 
a direct east wind. The direction of these winds is uniform 
throughout the whole year, except where certain local causes 
interfere. 

The trade winds are the result of two causes combined, 
Bamely, the rarefaction of the air of the torrid zone, produced 
by the heat of the sun, which causes the colder air of higher 
latitudes to flow in towards the equator, and the rotary motion 
of the earth on its axis from west to east, causing these winds 
to &11 behind, or have a tendency towards the west, as they 
approach the equator, where the velocity of the earth's surface 
becomes greater. The trade winds were so called because of 
the &cilities which they afibrd to vessels engaged in trade and 
commerce. 

111. Mists or clouds are formed from the watery vapor of the 
atmosphere condensed by cold so as to become visible. Atmos- 
pheric air is capable of taking up and holding in solution a 
great amount of vapor. This becomes visible only when the 
air in which it is dissolved is cooled to a certain point, when 
it assumes the form of minute vesicles or floating bubbles, and 
appears as a mist or cloud. 

The quantity of watery vapor which a given volume of air 
will hold in solution, depends on its temperature, increasing 
with this, but not in the same ratio. If a body of air at a 



Where do the trade winds preyail, and what is the direction of their coarse 7 
Two causes of these? Why called trade winds 7 From what are clouds formed 7 
What is said of atmospheric air in its relations to watery vapor 7 On what 
ctoes the quantity of taper which a giyen volume of air wiU hold depend 7 

12* 
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high temperature, say 72^, have this increased ten degrees, its 
capacity for holding vapor will become far greater by such in- 
crease, than if its temperature be increased ten degrees when 
at 32**. Accordingly, if two equal bodies of air, one at 80*, 
and the other at 40*, when saturated with vapor, meet and com- 
mingle, their mean capacity for vapor will not be the same as 
their mean temperature, 60**, but considerably above this ; so 
that a portion of their vapor will be condensed, and become 
visible as a mist. 

In this manner clouds are supposed to be formed when 
opposite cuiT^nts of air, of different temperatures, and saturated 
with watery vapor, meet. 

When a warm current of air, charged with vapor, blows over 
a cooler surface of land or water, the vapor of the air becomes 
condensed, and appears as a fog or mist. So, also, when the 
water is warmer than the incumbent atmosphere, the vapors 
rising from it will be in like manner condensed. Thus, the 
warm currents of the Gulf-stream, meeting with the cooler air 
of the northern latitudes, give rise to the dense fogs which 
prevail so extensively upon the banl:s of Newfoundland. 

The cause of the rapid formation of thunder-clouds, during 
a summer's day, is generally due to the vapors carried up by 
the warm currents rising from the earth's sur&ce, and which 
are condensed by the cold of the upper regioiis. Slortns are 
usually formed by the meeting of currents of air, of different 
temperatures, blowing from opposite quarters, and charged with 
vapors. Clouds which form in elevated regions oftentimes disap- 
pear, or are dissolved by sinking down into the warmer air below, 
which is capable of holding the vapor of these in an invisible 
solution. 



Explain the manner in which rapor may bo condensed and become yisible 
by the meeting of two opposite carrents of air of different temperatares. Ex- 
plain the formation of fogs resting down upon the surface of land or water. 
How are the fogs upon the banks of Newfoundland produced ? 
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112. Rai7i, — When the watery yesicles of a cloud unite and 
become too heavy to be longer supported by the air, they 
descend in drops of rain. The quantity of rain falling in a 
given time depends on the rapidity with which the vapor of the 
eload is condensed. In tropical latitudes, where the causes 
combine to produce a rapid condensation of the vapor, the quan- 
tity of rain which falls in a short space of time is often sur- 
f>risingly great.* 

Hail is simply drops of rain frozen by the cold of the elevated 
regions. Hail-stones, weighing several ounces, occasionally fiill, 
doing serious injury to dwellings as well as vegetation. How 
these can be sustained in the atmosphere a sufficient time to 
allow of such formations, has been a question among meteor- 
ologists. The cause is, however, usually attributed to whirl- 
winds, by which a quantity of dense vapor is suddenly trans- 
ported into the colder regions above, and there supported for a 
sufficient time to allow of their formation. Hail-storms are 
confined to the temperate zone, and the time of their duration 
seldom exceeds fifteen or twenty minutes. 

113. Dew is farmed by vapor deposited from the air in 
contact with cold surfaces. — Thus, if a tumbler of cold water 
be placed upon the table, in a summer day, its outside surface 
usually becomes covered with moisture deposited from the con- 
tiguous air. The temperature at which the air will deposit this 

* At Bombay there fell in one day tax inches of Tain ; at Cayenne, ten 
incheil fell in ten hoars. The annnal quantity of rain which fiills at London 
18 about twenty-^te inches ; at Paris, twenty inches ; while that which fklls 
in a single year on the coast of 'Malabar sometimes reaches one hundred and 
twenty-three inches, and at St I>omingo, one hundred and fifty -inches. Dur- 
ing the foil of the torrents of rain in tropical latitudes, the drops are often 
surprisingly large, and fall with a force sufficient to cause pain where they 
strike the unprotected surface of the body. 

How are rain-drops produced ? What is said of rain in tropical latitudes T 
What is hail ? How are hail-stones of a large size probably formed 7 Where 
do hail-storms preirail 7 How is dew formed 7 Illustrate the tbrmation of dew 
In the case of a tumbler of water. What is the dew-point 7 
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moisture, or dew, is called the dew-poiM, This Yaries at 
different times, according to the amount of vapor with which the 
air is charged. By placing a thermometer in a tumbler of 
water, and noting the temperature at which the vapor begins 
to deposit, the dew-point, and, consequently, the proportional 
amount of watery vapor in the air, may be at any time ascer- 
tained. 

The dew formed on leaves and vegetables during a calm, 
clear night, is caused by the readiness with which such objects 
part with their heat and become cooled in the absence of the 
sun. Bodies, such as stones, sand, etc., which retain their 
heat, or lose it less readily, seldom become cooled, during the 
night, to a temperature sufficiently low for a dew deposit ; and 
hence, the usual freedom of these from dew.=*^ Clouds suspended 
over the earth radiate back the heat which they receive &t>m 
this, and thus prevent the temperature from falling; for this 
reason dew seldom forms during a cloudy night. From the 
same cause, straw, etc., spread over ve^tables, prevent the form- 
ation of dew on these. So winds, which serve to change the 
layers of air, and bring warm currents of this in contact with 
the objects on the earth^s surface, prevent the formation of dew. 
Hoar-frost is frozen dew. 

* The nice discrimination observed in the depoidt of dew on Tarious objects 
may be adduced as one of the numberless proofs of an intelligent, designing 
Author of Nature. Thus, we see this fertilizing element gather copiouslj on 
Tegetables, which most require its reviying influence ; wbile bodies of water» 
stones, sands, and barren wastes, where a dewy deposit would be useless, re- 
ceive comparatively little moisture from this source. In regions where rain 
seldom falls, vegetation is in many instances sustained by the copious dew de- 
ixwited during the night : this is seen in Palestine, and other oriental countries ; 
also in Chili, and along the western coasts of America. 



Why does dew ibrm on vegetables rather than on stones, sand, etc 7 How 
do clouds prevent the formation of dew ? Why does this not form in windy 
nighU 7 What is hoar-frost 7 
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SOUND. 

114. When a sounding body, as a bell, for instance, is struck, 
it assumes a tremulous or vibratory motion ; this imparts to the 
surrounding air a series of oscillations, which, impinging on 
the membrane of the drum of the ear, excite in this also trem- 
ulous motions ; through the medium of the included air, or the 
delicate chain of bones connecting with the labyrinth of the ear, 
these motions a^e communicated to the fluid which fills this 
labyrinth, which, acting on the auditory nerve, produces the 
setisalion of sound. 

Air, as we have already shown, is an exceedingly elastic 
fluid ; and, as elastic bodies are in general the mediums of 
sound, this becomes the chief vehicle for communicating to the 
esur the vibrations from sounding bodies. 

Aerial oscillations, or sound-waves, are produced in, and 
traverse the air, in a manner similar to the undulations of water 
caused by throwing into it a pebble. Thus, if a stone be thrown 
into a smooth pond, a concussion is produced which imparts to 
the water a series of oscillations or waves ; each layer of water 
transmitting the vibratory motion it receives, in a somewhat 
diminished degree, to the next, and so spreading in every direc- 
tion from the disturbing cause, until the whole surface of the 
pond is agitated, or the tremulous motion dies away in the dis- 
tance. So, when a sounding body is struck, a like undulatory 
movement is produced in the air, which is transmitted, in a 
manner analogous to that of water, except with far greater 
facility, causing, as before stated, a sound. 

When these vibrations, excited in the air by*a sounding body, 
are uniform and regular, as where a harp-string is struck by 

Explain tbe process by whicb sound is produced. Why is air the chief 
vehicle of sound ? How do the waves of sound traverse the air 7 Qive an iUus- 
tratioo in the case of water* 
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Fig. 118. 



the finger, a perfect sound, or tone^ is produced ; but if the 
vibrations take place irregularlj, and are not isochronous,^ as 
in the explosion of a gun, a noise alone is the result. 

115. Air is, in general, the medium of sound, although 
nearlj all other elastic bodies are capable of conducting it mast 
or less perfectly. Thus, a sonorous bodj, properly insulated, 
becomes Inaudible in a space from which the air has been 
removed. Tins may be shown as follows : 

Experiment, — The Bell in vacuo, Fig. 118, is abell insulated, 

as far as possible, by suspending from 
a loosely-twisted silk cord placed 
in a vacuum. Screw the post into 
the centre hole of the pump-plate; 
press down the sliding-rod, and at- 
tach its string to the handle of the 
bell, and then cover with the glass, 
drawing up the sliding-rod at the 
same time to the position shown in 
/ \ the figure. After placing a drop 

— *^^ • of oil on the sliding-rod, and seeing 

i ^^ that the bell-glass is well fitted to 

^^^^^ the plate {§ 66), ring the bell by 

^B?^^ means of the rod. The air, which 

now fills the receiver and surrounds 
the bell, will serve as a medium for 
transmitting its vibrations, and the 
ringing will be clearly heard. Now 
perfect a vacuum in the bell-glass, 
and again ring the bell as before. This has now become inau- 
dible, since the medium through which its vibrations are con- 
ducted bus been ' removed by the exhaustion. On gradually 





* Isos, equal ; chronoa^ time. 



How is a perfect soand or tone caused 7 How a meie noise T Give the 
experiment of the BeU in vacuo. 
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admitting the air, the tone becomes loader and louder, with the 
increasing density of the surrounding air. 

Sound increases with the density of the air transmitting the 
Yibradons of the sonorous body. This may be illustrated by 
the following 

Experiment a. — Suspend a bell, by means of a small rubber 
tube prepared for the purpose, in the glass condensing-chamBer, 
Fig. 80. With the stop-cock closed, ring the bell, by giving 
motion to the chamber, and mark the intensity of the sound ; 
then, with the condenser, force in three or four atmospheres, 
and ring again as before ; the tone will now be perceived to 
have increased in loudness, with the increased density of the air 
surrounding the bell.* 

Thus, in ascending high mountains, or rising in balloons, the 
intensity of sound is found to diminish as the rarity of the air 
increases. Saussure found that on the summit of Mont Blanc 
the explosion of a pistol appeared no louder than that of a 
cracker at the sur&ce of the ocean ; and aeronauts have often 
noticed a great diminution in the intensity of the voice at their 
greatest elevations. On the contrary, the condensed air of the 
diving-bell ($ 78), when lowered to a great depth in water, is 
found to conduct sound with such £tcility as to render even the 
alightest whisper painful to the ear. 

116. The conducting power of air varies with its uniform- 
iif/j its density, and humidity. — Thus, in a calm, frosty morn- 
ing, before the uniform density of the atmosphere has become 
disturbed by the sun's heat, the sound of the voice may be often 
heard to a surprising distance, especially over a level surface, 
as a body of water. Under such circumstances, conversation 

* By means of a hose oonnecting this chamber with the air-pump, it may bo 
exhausted, and the bell in yaouo also illustrated. 



What is said of the density of air in reference to sound 7 Oive the experi- 
ment for showing that sound increases with the density of the air. What is 
said of sound on high elevations? What is said of sound in the diving-bell t 
With what does the conducting power of air vary 7 Give the illustrations. 
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has been carried on across an interyening spsice of netrly tire 
miles. The watchword, All's well! has been heard from OM 
to New Gibraltar, a distance of ten or twelve miles ; *■ while 
the sound of a cannonading at sea is said to have been conrejed 
to a distance of two hundred miles. Sounds are also peculiarly 
clear and loud in a humid atmosphere, such as usuallj precedes 
a storm. This, however, is not attributable, as is sometimes 
supposed, to an increased density of the air, but rather to the 
superior fiicility of the watery particles for conducting sound 

117. Solids as well as liquids are in general better cm- 
ductors of sound than air. — Thus, the scratch of an awl atone 
end of a series of pump-logs properly joined, will be distinctly 
heard by the ear, applied at the other, although sQarcely aadibk 
through the air, to the person making it So, by resting the 
ear upon the iron rail of a railroad, the approach of a train of 
cars, or the strokes from the hammer of a workman, may be 
heard for miles. In this manner the conducting power of the 
earth enables the American Indian to distinguish, at a surpris- 
ing distance, the tramp of buffidoes, or the proximity of an 
enemy. 

It is easy to ascertain whether a kettle boils, by placing one 
end of a stick, or poker, on the lid, and the other end to the 
ear ; the bubbling of the water then appears as loud as the 
rattling of a carriage in the street. A slight blow givtfi to a 
steel poker, or triangle, of which one end is held to the ear. 
produces a sound even painfully loud. Two persons stopping 
their ears and holding a stick between their teeth, may hoM 
conversation through the conducting power of the stick and the 
solids of the body. 

The fact of solids conveying sounds more readily than air 

* Olmsted's Philosophy. 

mam * < ' m m ■ i i ■ ■ ■ i ■ — ■ ■ ■ ■ ^m i m ■ ■ ■ ■ ■ » ».^ i ■ - ^^■^■^■* ' 

What 18 said of a hamid atmosphere for conducting sound 7 To what is thifl 
attributed 7 What is said of the power of solids and liquids for coadueting 
sound 7 OWe illustrations of the conducting power of solids. 
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led to the discovery of the Stethoscope. This instrument con- 
Bists of a wooden cylinder, which is applied to the surface of the 
body, over any internal organs, as the lungs, for instance, and 
thus, by sounds conveyed through this to the practised ear, the 
healthy or diseased condition of these internal organs is deter- 
mined with nearly the same accuracy as though seen by the 
eye itself* 

The superior conducting power of solids over air was deter- 
mined by a series of experiments performed by M. Biot, who 
availed himself of the laying of a train of iron pipes arranged 
for conveying water into Paris. By suspending a bell in the 
cavity, at one end of the series, so that a hammer should strike 
tiiis and the inside of the pipe at the same instant, the compara- 
tive power of the air and metal for conducting sound was 
determined. 

By these experiments it was ascertained that cast-iron con- 
ducts sound about ten times as rapidly as air. 

118. Liquids are also good veh iclcsfor sou7id. — Thus, if the 
head be held beneath the surface of the water, and a person upon 
the opposite side of a pond, a half a mile or more distant, strike 
together two stones in the water, the sound of the concussion 
will be distinctly conveyed to the ear through the water, although 
through the air the same would be audible but a few feet. M. 
Colladon heard the sound of a bell, struck under water, across 
the whole breadth of Lake Geneva, a distance of nine miles ; 
this appeared to be conveyed through the water with about four 
times the velocity that sound ordinarily traverses the air. 

119. The velocity of sound is progressive, and in air, at the 
Budiace of the ocean, and at a temperature of 62®, has been ascer- 

• Dr. Arnott 



Principle on vhicli the Stethoscope acts 7 Describe this and its uses. State 
the experiments of M. Biot. How much more rapidly does iron conduct sound 
than air 7 What is said of the conducting power of liquids 7 Give an illus- 
tration. What is sud of the Telocity of sound, and the distance it moves in a 
■ecQud? 

18 
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Gained by careful experiments, to be yery nearly 1125 feet per 
second. Hence, by knowing the rate at which sound trayela, 
the distance of a sounding body, as a cannon for instance, may 
be easily determined, and with a good degree of accuracy. 

This is ascertained by multiplying the number of seconds 
which elapse after the flash before the report or thunder is 
heard, by 1125, and then reducing this product to miles, by 
dividing by 5280, the number of feet in a mile. Thus, if a 
flash of lightning is seen fifteen seconds before the report is 
heard, 1125 X 15 -r- 5280, gives very nearly 3.19 miles, die 
distance of the discharge.* 

The marching of a long procession to ^nsic affords a good 
example of the progressive nature of sound. Thus, while each 
platoon keeps step to the music, as it is heard, a gradual varia- 
tion will be seen along the whole line, those in the rear, and 
most remote from the . music, may be seen, perhaps, an entire 
beat behind those in the front ranks. 

120. Reflection of sound, — When the vibrations or sound- 
waves excited in air, impinge against any plane solid surfeoc, they 
are reflected or thrown back the same as when the waves of water 
strike against a wall or other body ; this reflection, or return 
of sound to the ear, occasions an echo. Sound-waves follow the 
same law^s of reflection which govern more ponderable matter, 
and are always reflected at the same angle at which they strike 
a surface ; so that, to hear an echo of his own voice, the person 
must stand directly before the surface from which it is last 
reflected. 

♦ Since light moves with an immense velocity (200,000 miles per second, 
nearly), for any distance on the earth's sur&ce, it is regarded as instants^ 
neons. 



How may" the distance of a sounding body, as a cannon for instance, be de- 
termined 7 Give an illustration of the progressive movement of sound in the 
raarohing of a long procession What is said in regard to the reflection of 
■ound 7 What is an echo T 
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The quickness with which an echo is returned depends, of 
couTBe, on the distance, so that an object situated at half the 
distance which sound traverses in a second, say five hundred 
and sixty-two feet, would return a sound, to the persoii origin- 
ating it, in just one second; ^o that if the reflecting surface be 
sufficiently remote, several syllables or a short sentence may 
be uttered, and receive a distinct return. At Lurleyfels, on the 
Bhine, there is an echo which repeats seventeen times. 

The echo of the Capo di Bouve, as well as that of the 
Metelli at Borne, was celebrated among the ancients. It is a 
matter of tradition that the latter was capable of repeating the 
first line of the ^neid, which contains fifteen syllables, eight 
times distinctly. An echo in a building at Pavia is said to 
have answered a question by repeating its last syllable thirty 
times. 

Sound is reflected from concave surfaces, and collected the 
same as light and heat ; hence, beneath domes and arched ceil- 
ings, the sound of the voice becomes often quite painful. A 
notorious instance of a sound-collecting surface was the ear of 
Dionysius, in the dungeons of Syracuse. The roof of the 
prison was ^o formed as to collect the words and even the 
whispers of the unhappy prisoners, and to direct them along a 
hidden conduit to where the tyrant sat listening. The wide- 
spread sail of a ship, rendered concave by a gentle breeze, is 
also a good collector of sound. By this means the sound of 
bells rung at St Salvador was heard on the deck of a vessel one 
hundred miles distant."^ 

121. The Speaking- Trumpet, — This is an instrument em- 
ployed by commanders of vessels, generals of armies, and 

•Arnott's Physics. 



Upon what do the number of echoes from a sarfaoe depend 7 What Qlus- 
tratioDS are giyen 7 What is said of sound reflected from concave sur&ces? 
Example in ca^ of the ear of Dionysias 7 The sail of a ship 7 By whom and 
where is the Speaking-Trumpet used 7 
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i/iliLii, fur transmitting their orders during the noise of the 
tempi-it, or tbe din of battle. The rajs of sound, proceeding 
from tlic mouth when applied to the trumpet, instead of diverg- 
ing and being scattered through the surrounding atmosj^ere, 
are refiected &om the 
"•' "*■ sides of this instrument, 

n and conducted forward 
I in straight lines, thus 
I giving great additional 
1 power to the voice. The 
irsc of the raja of 
md, proceeding from 
the mouth through tliis instrument, maj be shown hj Fig. 
119. which exhibits a common form of tbe speaking-trumpet 

122. Musical Sounds. — Sound, as we have already re- 
marked, is the re^iult of vibrations excited in air or other clastic 
nji-iiiii !iy a sounding body. When these vibrations of the sound- 
ing body occur at sufficient intervab, so as to be seen by the 
ejc, the impuLst's given to the air will be attended to sopjirately 
bj the ear, and a iiohc onlj will be produced ; but, if these be 
repealed with sufficient fnxiucncy, the ear will be unable to 
distinguish the separate vibrations, and a continuous sound or 
lone will be beard. Thus, if the string of a bass-viol be suffi- 
ciently slack, its vibrations may be seen, and only a barab, dis- 
agreeable sound will be produced ; but, as the tension of this 
is increased, its vibrations become more rapid, until it gives 
forth a smooth and agreeable tone. 

The pilch of a musical chord depends on the number of vibra- 
tions it makes in a given time, and these vary with the length, 
the diameter, and the tension of the chord. Thus, with a given 
diameter and length, Ike grealer the tension tbe more frequent 



How does this Inslrument itid the loice in tnuigmittiDg commitnils T Wlul 
does Fig. 113 Bhowt How nra Musiottl Sounds prodaoodr UtuatratlonT Or 
what does tho pitch of ■ musicil ohord depend • 
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will be the vibrations, and consequently the higher the pitch or 
tone. And, again, with a given length and degree of tension, 
the less the diameter of the chord the higher will be its tone 
While, again, with a gi^Ri diameter and tension, Ihe less tht 
lengthy the higher the tone of the musical chord. 

These truths are familiarly illustrated in the violin. The 
low or base string i% thick and heavy from being covered with 
fine wire, while the others gradually diminish in size and 
weight up to the smallest or treble. These strings are tuned 
to each other by being attached at one end to movable pins, 
which, when turned, increase or diminish their tension. The 
sound then produced by each may be varied to a certain extent 
by the performers pressing the string at different points with 
the fingers, so as to vary the length of the vibrating poi'tion.* 

When a musical tone is produced by a definite number of 
Yibrations of the sounding body, it is termed a note, A col- 
lection of eight consecutive notes forms an octave ; and one 
octave is said to be higher or lower than another when the 
notes it contains are produced by a greater or smaller number 
of vibrations in a given time. Thus, if a particular note of Miy 
octave be produced by a given rate of vibration, the vibrations 
producing the corresponding note of the next octave below will 
be one hxdf^ and of the next above, twice as rapid. These 
notes constitute the diatonic scale or gamut. The English 
names for these, as well as the ratio of vibrations corresponding 
to each, are as follows : 

CDEFGABC 
If i * f * • ^a^ 2 

Thus, these eight notes constitute the scale or steps by 
which the voice naturally ascends firom any tone to the corre- 

* Amott 



How do ▼ibrations of such a chord vary ? Give an illustration in case of the 
violin. What i« a note in music ? An octave? When is one octave said to b€ 
higher or lower than anotlicr? Why are these eight notes called the scale? 

13* 
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ponding tone above produced by vibrations twice as rapid ; and 
however far this musical scale be extended, it will still be foand 
but a repetition of similar octaves. 

123. Wind InsirumentSy as the fcte, the organ, etc., emit 
sounds from the longitudinal vibrations of the colnmn of air con- 
fined within their tubes. As with musical strings, these vibrations 
vary according to the length of the tube, Ijeing more frequ^ot 
as these are shorter. When one end of the tube is closed, the 
note is rendered twice as grave, since the sound-wave has to 
return after passing in. The length of the air vibrations and 
pitch of the tone are regulated by the opening and closing of 
holes aiTanged along the side of the tube, as in the pipe and flute. 

Musical tones, by whatever instrument produced, have 
to each other the same numerical relations as the vibrations 
which constitute them. The different qualities of tone, th«^ 
fore, from different instruments, can only depend on the pecu- 
liarities of the single vibration, as to whether they are sharp ot 
soft, strong or weak. 

The cultivation of no art exerts a more refined and human- 
izing influence than that of music. The simple, yet expressive 
songs of the school-room and the nursery shed over the mind 
and character an influence often felt through all the devious 
course of subsequent life. How often does the sound of some 
favorite air, learned during the agreeable recreations of innocent 
childhood, revive all that was dear in home and kindred, and 
point the wanderer back to duty ! Music is the language of 
nature -, intelligible at once to all susceptible minds, and, in 
a degree, even to the inferior animals. Yet the love of novelty 
and fashion among professors in the art often throws over it so 
many ornaments and accompaniments, that the melody ^ in which 

What is said of octaves above or below a given octave 7 What is said of the 
vibrations in wind-in straments, as the flate, etc. T Of the relations of ths 
vibrations which produce musical tones? What is said in relation to the in 
fltience of music ? Of the fashionable tricks of the voice by some proftesonof 

the iiiu.sical art ? 



VENTRILOQUISM. 15l 

the idea and sentiment really reside, is masked and lost. Somb 
of the tricks on the yoice and on instruments, at present so 
common, are to natural or graceful music what tumbling and 
rope-dancing are to natural and graceful gesture. 

124. No instrument is capable of producing sounds of greater 
variety and melody than that which forms the human yoice. 
This consists of two delicate membranes situated at the top of 
the wind-pipe, with a slit or opening, called the glottis^ left 
between them for the passage of the air. By varying the 
tension of these membranes, and the size of the opening, the 
innumerable variety of tones of which- the voice is capable is 
produced. 

The human voice has been in some instances so trained as to 
be capable of imitating with a wonderful degree of accuracy the 
various instruments of a musical band, as the bugle, the clar- 
inet, etc. A band of twelve Germans, a few years since, per- 
formed in some of the European cities a variety of difficult airs, 
as waltzes, polkas, etc., imitating, with their voices alone, aa 
many different musical instruments. 

The art of Ventriloquism * consists in the power of the per- 
former so to modulate and vary his voice as to imitate differ- 
ent sounds at varying distances, and thus to deceive the judg- 
ment of the listener in regard to the direction from whence 
these proceed. Thus, the sound of voices apparently at a 
distance, as, for instance, of two disputants engaged in angry 
debate, may be created by the operator, so as to appear to the 
bystanders as a reality. 

The art of imitating sounds, as seen in the case of the ven- 
triloquist, is in a great measure the result of .careful practice. 
Thus, almost any person possessed of a good ear for sounds 

* Veniri, from the belly, and loquor, to speak. 

What 18 said of the organs or instrument by which the human Toioe if 
t>rmed T Of what does this instrument consist 7 In what does the art of Ven- 
triloquism consist 7 How are these iUosions of the Toice produoed 7 
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may, bj habitual practice, become able to imitate the yaijing 
tones of voice of others, and the sounds of diflferent animals, 
Trith great precision. 

The mechanism of the ear, whereby sound is produced, and 
the sensation conveyed to the brain^ is truly wonderful. This, 
in the human species, consists of three distinct parts. The ex- 
temal and visible part of the ear serves, like the mouth of an 
ear-trumpet, to collect the rays of sound, and reflect them in- 
wards, through a gradually contracting tube, to an aperture 
within the skull, covered by a delicate membrane tightly 
sti'etched over it. Behind this membrane is a chamber, filled 
with air, known as the tympanum, or drum of the ear. Thus, 
the least concussion of the air without causes this membrane 
to vibrate and produce the sensation of sound. 

From this chamber of the drum leads the eustachean tube, 
opening into the mouth, and so forming a free communication 
between it and the external air, whereby an equilibrium of 
pressure is constantly maintained. Whenever this tube, from 
any cause, becomes filled so as to interrupt the free communi- 
cation with the external air, a humming sound or ringing in 
the head is produced. At the inner extremity of the chamber 
just mentioned is a second opening, called the fenestra avails, 
covered by a second elastic membrane, which completes the 
analogy of the drum. Various other delicate appendages serve 
to complete the apparatus of this wonderful organ. 



PRACTICAL PROBLEMS. 

1. If the pressure of steam upon the boiler of a locomotive be 
65 lbs. against a square inch, what would be the entire force of this 
acting against a surface of 60 square feet? 



What is said of the art of imitating sounds ? Of how many part« does the 
ear consist ? Use of the external part of the ear ? Describe the tympanum 
Cause of the humming sound sometimes heard T 
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2. In such a locomotiye, what would be the amount of pressure 
against a piston 12 inches in diameter ? 

3. If the evaporation from a square foot of ground was found in 
12 hours to be 2 gills, how many gallons would evaporate from a 
square acre in the same time ? 

4. The discharge of a gun from a frig&te was seen 28 seconds 
before a report was heard ; allowing sound to travel 1,125 feet per 
second, how far distant was the frigate 7 

5. A flash of lightning was seen 13 seconds before the thunder 
'vras heard ; what was its distance ? 

6. A person saw the flash of a cannon fired from a ship 4 miles 
distant ; how long after, if at all, did he hear a report? 

7. How long after a sudden shout will an echo be returned from 
a cliff 80 rods distant? 

8. If a gun be fired, and the sound returned from a wood in 2| 
Beoonds, how far distant is the wood 7 

9. Wishing to ascertain the depth of a cavern which could not be 
descended into, a stone was dropped and seen to strike some water at 
the bottom two seconds before a report was heard ; how deep was the 
cavern ? 

10. In the bombardment of a certain fortress a shell fired from a 
fiigate was seen to enter and instantly explode the magazine, a report 
of which reached the frigate in 10 seconds after the explosion ; what 
was the distance the shell was fired? 
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MAGNETISM. 

125. The remarkable property, possessed by certam fer- 
ruginous ores, of attractiDg iron, ns 
"*' '*■ irell known to the ancients. These orre 

were termed Magnets, from Magnesia. 
a town -of Lydia, where they were said 
to abound. 

This natural inagnct, or, tta it iagen- 
erally termed, lodestone, baa the power 
of producing similar magnetic qualitits 
in iron and eteel, when brought in con- 
tact with it, and rendering them aUo 
magnetic. These latter are therefoM 
termed Artificial Magnets . 

If iron filings be sprinkled over a 
bar-magnet, these will be found to adhere about the ends, 
arranging theniBelves in a certain order, as seen by Fig' 
120. These extremities, wliere 
the magnetic action seems con- 
centrated, are termed the poles 
e magnet 
Lei a magnetized bar or needle 
of steel or iron be suspended bj 
a thread, or balanced on a pivot. 
Fig. 121, so tliat it shall be 
free to revolve in a horiMntal 
direction, and, it will be found 
after a few oscillations to arrange 
itself in a north and sontli 
direction. If, now, this be 

Ware ths properties or the Mngnet knoirD to tbe ■noientaT Ori{[in oFU» 
term Msgnit r Whnt is said at tlie power of lodeatone in refereiiM to tbe hm- 
WJon of AnLfloial MiLgneta T Wliat does Fig. 120 show T Wliit are th* pol" 
oT tbe magnet t How wiU a magnetiied bar, free to move, arruige iUtKl 
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tamed by the hand, so as to reverse the ends, these will bo 
foand at once to return to their former position when the force 
is removed. From the direction which these poles always take, 
the one pointing to the north is commonly termed the north 
pole, and the one to the south, the south pole, and are marked 
with the corresponding initials, as^ shown in Fig. 121. 

126. The like poles of two magnets repelj and the unlike 
attract each other, — Thus, in Fig. 122, if to its north pole 

* Fig. 122. 
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the south pole of a second magnet be presented, the two poles 
will strongly attract each other ; but if the north pole of the 
magnet, A, be presented to the same pole of the other rotating 
magnet, the latter will be repelled, as shown by the dotted 
space ; and,* if both magnets be free to move on a pivot, the 
repulsion will be shown to be mutual. Thus two magnetic 
fluids are supposed to exist in the molecules of the metal, 
known as the austral and boreal flfiids, and corresponding 
in their effects to the positive and negative electricities of the 
succeeding section. 

127. A magnetized steel bar induces magnetism in 
another iron or steel bar in contact with it. — If a straight 
magnet, A, Fig. 123, be applied to a bar of iron, B, this 
will also assume magnetic properties, and become itself a magnet, 
as may be shown by applying to its lower extremity another bar 
of iron, which will be attracted, and also rendered magnetic. 

State the proposition. Illustrate this attraction and repulsion of the mcignet 
\yj Fig. 122. What fluids are supposed to exisl in the magnet ? Give piopo- 
sttton, Q 127. 
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In this case no transfeT'ofthe magnetic Qnidis made, batnmpty 

ut influence is exerted hy the magnet, A, over the fluids existing 

in a combined and latent state in the metals, B and G, wherry 

these fluids are supposed to be separated in each molecule of 

these metals, and rendered free. Thns, each one of 

**' ^ese inrisible particles of the iron beoomes itself a 

. magnet with north and south ^larity. The amagp- 

j^ nent of these elemetitarj magnets maj be shown 

by the light and dark shading of the bar, B ; tbe 

7 former indicating tlie north, and the latter the sonth 

pole of each atom. Thus, the like poles of these 

several little magnets arc all seen pointing in the 

same direction, causing the extremities of tbe 

magnet to be always of opposite polarities. Thii 

theory explains the cause of the increase of the 

magnetic force towards the ends of a magDet, and 

J the entire want of thb in the centre ; ftr the 

last row of atoms, having no others to oppose their 

action, will exert the ordinary attractive and repulsive effects of 

free magnetism, while, in the centre, this is entirely destroyed 

by counter forces of the adjacent atoms. 

The fact of the magnetic fluids being inseparable from the 
atoms of a magnetic bar, 

. "g- i»- jg j^gt supposed, ei- 

(^ y/' ' '^\ plains also the fact, that 

when such a bar is hro- 
ken in two parts, aa seen in Fig. 1 24, each of these parte bctxHues 
a perfect magnet, having opposite polarities. Thus, as ^^ 
in the figure, the fractured end of each piece at once exhibits 
a polarity the reverse of that at the extremities of the origin^ 
magnet, although at this middle point, where s and n join, no 

nitHlnitfl this b7 Fig. 12^. ITow is the eO^ of the mngnetic iDflanM in 
thii oaae eupposed to be produced T Slate the theory of the iD«fD«t,M 
illQrtmtod l>y Fig. 128. What don the foot of thOM Bnida beiag iasqiar>U> 
from the partidea of Uia m«gnol eiplaiu T 
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a could bo detected before breaking. If these pieces 
be again divided, and then subdivided, the same results of 
perfect magnets will be seen. 

128. Soft iron acqutjes and loses magnetism far more rea- 
diiy.than hardened steel. — Thus, in Fig- 123, the bar of soft 
iron, B, retains its magnetic properties only so long as it is in 
contact with or proximity to the magnet. Remove it from this, 
and the separated magnetic Suids at once come together, and arc 
thereby rendered neutral as before. This is shown by C falling 
off as soon as B is separated from the magnet A. If a piece 
of hardened steel be brought in contact with the magtiet, the 
inductive efiects of this will operate more slowly, requiring some 
time before the remote- end will have acquired its opposite 
polarity. Hence it is that electro-magnets, where the magnetio 
e^cta imparted require to be instantaneous, are 
made of soft iron, wUle common lifting magnets '' '^' 

are prepared &om hardened steel. 

129. Artifitial Magnets axQiaaAa 
^' from steel, and aig^ of a variety of 

forms, dependingon the uses to which 
they are to be applied. The U- 
magnet, Fig. 125, is a more com- 
mon form for a lifting magnet, since 
the opposite poles or extremities are 
brought near together and may be 
joined 80 as to exert their united • 
forces on the body to be raised. 
The iron bar which unites the two poles, is called the armature. 
■ A series of such magnets firmly joined together, as shown 
by Fig. 126, constitutes a Magnetic Battery. 

To Magnetize a Steel Bar. — If straight, place the middle 

What ■■ uid in regard to tott iron &ad h&rdeDcd steal T Why are electro- 
nugnela msde of suft iron T Of irhat are ArtiGoial Magnets mAde, and why 
luually made in the (bm aean io Fig. 125 1 What is the armatore T Wbnl U a 
Uagnetie Batteiyl 

14 
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of the bar on one of the poles of either a straight or a TI- 
magnet, and draw one end of it over the pole a nmnber of 
times ; the direction of the motion being always from the middle 
to the end. Then torn the bar in the hand, and pass the 
other half over the other pole of the magnet in the same way. 
If the bar is thick, the process may be repeated with its 
different sides. The end which has been drawn over the 
south pole of the magnet will now possess north polarity, and 
the other extremity south polarity. A U-magnet is more 
readily charged by drawing over it the poles of a steel U- 
magnet of corresponding width, from the bend to the extremi- 
ties. This should be repeated several times, recollecdsg 
always to draw the bar in the same direction. When it is of 
considerable thickness, turn it, and repeat the process with 
its opposite surface, keeping each half applied to the same pole 
as before. To withdraw the magnetism from a steel bar it is 
only necessary to reverse the above processes.^ 

In order to retain and increase the magnetism of a magnet, 
its two poles should be joined by an armature, through yf}ucb 
these may react on each other ; otherwise, the two fluids in the 
steel bar will gradually unite and become neutral. 

130. Magnetism induced by the Earth, — If a straight bar of 
soft iron, about two feet in length, be placed at the angle of the 
dip of the magnetic needle (^ 183), it will gradually acquire 
magnetism from the earth ; the lower extremity becoming a 
south, and the upper a north pole, as may be shown by bringing 
near the ends one of the poles of a needle. In this way tongs 
and various articles of house furniture, the tools of a work- 
shop, etc., often become magnets. In such a position, induc- 
tion of magnetism by the earth is greatly fiwilitated by bloira 

* DayiB* Manu&L 



Sute the process by which magnetism may be imparted to steel Ua 
How may a bar of soft iron be rendered magnetic from the earth ? 
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With a hammer, twisting, etc., so aa to cause a vibration oi 
movement among the particles of the metal. This process of 
magnetixing is most efiective when the bar rests upon a mass of 
iron. The permanency of a magnet depends no doubt on the 
hardness of the metal and the compactness of the particles, 
which thereby prevents the ready union of the two fluids in the 
particles of the metal. 

Blows upon a magnet, when placed in a horizontal direction 
east and west, will often remove its magnetism. So blows from 
the fall of a magnet may serve to destroy or injure it. Heat, 
also, weakens, while cold serves to increase, the strength of a 
magnet. 

181. Direction of Magnets, — As we have already 

shown, a magnetized bar, when balanced 
Fir. W7. pjj ^ pjy^j^. j^jj^ fj.gg ^^ move, as shown by 

8 T ■ N Fig. 127, takes a nearly north and south 



i. 



direction, obedient to a force termed the 
earth's magnetic force. Such a magnet of 
the proper form constitutes the magnetic 
needle. This force, which gives definite direction to the magnet 
in every quarter of the globe, is found to reside near the poles 
of the earth, and to be a magnetic force. Thus, the earth is 
supposed to be a huge magnet, with its opposite poles coinciding 
nearly with those of the earth itself; that at the north being 
termed the tnac/netic north pole, and the other at the south 
the magnetic south pole. This supposition is confirmed by tlie 
fact of the magnetic intensity being greatest at a point near the 
pole of the earth, and gradually diminishing, as the equator is 
approached, until a neutral point is reached, similar to that 
between the poles of an artificial magnet. 

This neutral line constitutes the magnetic equator, and 



'What are bome of the ways in which the magnetism of a bar may be in- 
jured or destroyed 7 What is the magnetic needle 7 Where is this magnetic 
force found to reside? What is said of the supposition in regard to the earth 
as a magnet 7 
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forms an irregular circle aroond the earth, deviating more oi 
less from the terrestrial equator, crossing it at certain points, 
and passing aometimee north and sometimes south of this. 
Thus, in the Atlantic Ocean, at 25° 40' west from Greenwich, 
the magnetic equator rettchea 
"*^ a point of 14" south lati- 

tude, approaching the ter- 
restrial equator, as it extends 
west, until it meets this at a 
point 117° 40" west from 
Greenwich, when it again 
makes a southern cuire. At 
172° 20" we«t longitude, it. 
crosses the earth's equator, 
passing along in north lati- 
tude until it reaches 20° 20* 
east longitude, where it again 
intersects the terrestrial equator, and so traversing in an ir- 
regular curve around the earth. The course of the magnetic 
equator, as well as the position of the magnetic poles, may be 
learned from Fig. 128. 

132. The Declination of ike Magnetic Needle.— Since the 
magnetic axis docs not coincide with that of the earth, the mag- 
netic needle is also found to vary at most points from a true 
north and south line. This variation of the needle, at any 
place, is termed its declination. This declination is east or 
v>est, according as the magnetic needle deviates towards 
one side or the other of the true astronomical meridian.* 
That point on the earth's sur&co where the two meridians 

■ Thai, In Fig. 128, S N mn^ repraMat the meridUa of a pliM, and S K 
Um magnetic meridian ; then S P S will be the declimttion at anj point. 

What a tb« magmtio eqoatnr and its coarse ? Pcont out this, aa ahoini bj 
Fig. 12S. What is meant by the deelinatian of the fc^inetio needle T Dlas- 
trate this by Fig. 12a What 1» the tine of no xariaUon f 
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coincide, is termed the line of no variation^ as here the needk 
points in a true north and south direction. This line appears 
to trayerse the surface of the globe, passing in 1660 through 
the meridian of London, and from that time moving westward 
until 1818, when the magnetic needle at that point reached 
its maximum declination, 24° 18',' and has since been return- 
ing eastward to its former direction. 

Such declinations of the magnetic needle, occupying a long 
series of years for their completion, are termed secular declina- 
tions.* Besides these, it has also daily variations, of only a 
few seconds of a degree, which are supposed to be caused, in 
some way, by the agency of the sun's heat upon the' earth's 
surface. In these the south pole of the needle moves towards 
the west from sunrise until about an hour aflemoon, when it 
retrogrades towards the east until eight o'clock in the evening, 
after which it remains nearly stationary until sunrise. The 
Aurora Borealis is found also to cause the needle to vary con- 
siderably at times ; the extent of these variations, or perturba- 
tions as they are more commonly termed, corresponding with 
the height to which the streams of auroral light ascend above 
the horizon. Electrical discharges also often affect the direction 
of the needle; sometimes reversing its poles or destroying 
entirely its magnetism. 

133. The Inclination or Dip of the Magnetic Needle, — 
From numerous observations made at various points, we are led, 
as already remarked, to regard the earth as a great magnet, whose 
poles are situated within a few degrees of the geographical poles, 
and whose equator, or line, where the magnet is equally attracted 
and maintains a horizontal position, as forming an irregular 

* The declination of the needle at Boston at the present time, January, 
1856, is 10° 54' west of north. 

Docs this change from time to time 7 ' What are secular declinations 7 How 
are the daily declinations of the magnetic needle supposed to be produced T 
What IS said of the Aurora Borealis in reference to the magnet 7 Of lightning 7 
What is the dip of the magnetic needle 7 

14* 
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Tig. 129. 



circle abont the earth in the yicinity of the geographical equa- 
tor. The magnetic poles of the earth act upon those of the 
magnetic needle in a manner similar to those of a powerful 
artificial magnet, causing the needle to be attracted and incline 
toward either pole, when made to approach it from the equator. 
This inclination of the magnetic needle is termed its dyf* Fig. 
129 represents a clipping needle for showing this dip of the 

magnet. This is so balanced as to move in a 
horizontal or vertical direction. The dip ya- 
ries with the latitude approaching the mag- 
netic pole. Thus, at Boston, situated in 
about 42** 20' north ktitude, the dip is at 
present 74"* 2r, and increases as we advance 
north, until, in the vicinity of Hudson's Bay, 
in about latitude 70** 5', it was found, by Sir 
James Ross, in 1831, to be 90**, or vertical 
with the horizon. The varying positions of 
the needle, with reference to the magnetic 
poles of the earth, are shown by Fig. 128. 

134. Instruments for measuring the declim^ 
tion are sometimes termed Declination Conv- 
passes. These are of various forms ; as the com- 
mon surveyor's compass, the mariner's com- 
pass, etc. The Surveyor's Compass is usually 
a circular box, attached to a universal joint, 
placed upon a stand of three legs. Upon the bottom of this 
box, beneath a nicely-balanced magnetic needle, is pasted a 
circular card, graduated and marked to denote the points of 
compass, like that seen in Fig. 198, Electro-Magnetism. This 
card is so arranged that its north and south points shall be 
parallel to, or in a line with, a sight or telescope. When the 
sight, or telescope, is in a range with the object, the angle 
which the needle makes with the north and south points of the. 




How does this vary in difiisrent latitudes ? Desoribe tlie Sorr^or's Com- 
pass. 
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card is the angle of decimation, or the bearing of the object 
from the magnetic meridian. The Mariner's Compass is 
another form of the declination compass, used for directing the 
course of a ship at sea. The box for the needle is so arranged 
as to keep constantly horizontal, and secure this as far as pos- 
sible from the attractive influence of the iron of the vessel. 

Iron was formerly supposed to be the only substance subject 
to magnetic influences. The researches of Dr. Faraday have, 
however, disclosed a very wide circle of bodies subject to the 
same influence. It is indeed difficult to guess at the limit which 
may exist to the power of magnetism in controlling or influ- 
encing molecular forces. The elaborate investigations of this 
distinguished philosopher have opened out a rich field of prom- 
ise. A force which a few years ago was supposed to influence 
pieces of iron only, is by these researches shown to act upon 
almost every form of ponderable matter.* This will be illus- 
trated in a subsequent section. 

•Bird. . 



Deeeribe the Mariner's Compass and its proper position. What was fbrmerly 
■apposed in regard to iron T What have the late researches of 0r Faraday 
disdosed? 
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INTRODUCTION TO ELECTRICITY, AND DESCRIP- 
TION OF INSTRUMENTS.* 

135. Natural phenomena usually excite interest in propor- 
tion to the sublimity and mystery which attend their exhibition. 
This is especially true of electrical phenomena. No agent 
in nature presents itself under a greater variety of wonderful 
forms than Electricity ; and yet with the essence and proper- 
ties of none are we less acquainted. Now its secret agency 
works silently in the production of the vapor which rises to 
form the storm-cloud, and now again is seen in the terrific 
lightning which darts from this same cloud. In one form its 
mysterious power is exerted in effecting the decomposition of 
organized matter, and the separation of this into its original 
elements ; in another, in the recomposition of these same ele- 
ments to form new compounds. Here we behold this wonderful 
agent obedient to the will of man, — a vehicle of thought to 
bear with the speed of thought tidings to distant regions ; 
while, in another quarter, this same agent is seen traversing 
the heavens and lighting up the polar zone with the brilliant 
coruscations of the Aurora. 

Thus has the identity of Electricity with the most wonderful 
phenomena of nature ever rendered it of interest in all ages, 
and to all classes of community. It is, however, but little 
more than a century since the attention of philosophers was 
particularly drawn to this subject, and the true foundation of 
Electricity as a science laid. 

186. About the year 1730, Mr. Stephen Grey, of England, 

*This introdaction may be omitted* if thought desirable by the instraotor. 

What is said of the interest which nataral phenomena excite 7 What is 
Bud of the forms under which Electricity appears 7 Has Electricity been re- 
pu^ed with interest in all ages 7 How recently may the foundation of this as 
a science be said to date 7 
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commenced the first systematic course of experiments upon Eleo- 
tricitjr with a rude apparatus consisting mainlj of a glass tube 
and cloth rubber. The result of numerous experiments led 
Grey to infer that all material bodies belong to one of two 
classes : electrics, or such as are capable of excitation by fric- 
tion, and non-electricSj or those incapable of this. Du Fay, a 
sagacious French philosopher, repeated these experiments of 
Grey, and showed that nearly*all substances may become elec- 
trics under certain conditions. Soon after, he proposed his 
celebrated theory of two electricities, — one produced by the 
friction of glass, precious stones, etc., which he named vitreous; 
the other from amber and resins, and called by him resinous 
electricity. 

No discoveries in science were ever hailed with more delight^ 
or reflected a brighter glory on the discoverer, than those of 
Dr. Franklin in Electricity. It was about the year 1764 that 
this profound philosopher published the result of a series of . 
investigations which alone have served to render him immortal, 
and make his name the pride of every American. 

Franklin denied the truth of the theory advanced by Du 
Fay, and maintained the existence of a single fluid which tends 
to distribute itself equally over all substances. Bodies con- 
taining more than their natural share are said to be positively 
charged, or to contain positive electricity ; those less, negc^ 
tively charged, or to contain negative electricity ; the former 
corresponding to the vitreous, and the latter to the resinous 
electricity of Du Fay. Thus bodies in the former state are 
disposed to part with their excess of fluid and share it witli 
those about them which are less highly charged ; while those 

What is said of Grey and his experimei^ts 7 What discovery did his experi- 
ment lead to? What theory did Du Fay propose 7 What is said of the disooT- 
eries of Franklin in Electricity ? What theory did Franklin maintain 7 When, 
by Franklin's theory, are bodies said to be positively charged? When 

negatively charged? What tendency have electricities in bodies differently 
charged? 
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in the latter state tend to receive from surrounding objects 
until the diffusion becomes equal ; hence the effort to restore 
the natural state or equilibrium of the fluid when disturbed, 
gives rise to the phenomena of the electric spark, or lightning's 
discharge. 

This theory of a single fluid, while it commends itself for 
its simplicity, is deemed inadequate to explain many of the 
detadls of electric phenomena, and the theory of two fluids has 
accordingly been more generally adopted, — these taking the 
names positive and negative, as applied by Franklin to the 
single fluid. 

Among the more practical results of Franklin's investigar 
tions was the discovery of the identity of lightning and elec- 
tricity, and the utility of pointed metallic rods for protecting 
buildings against the dangers of the same. From the period 
of Franklin's discoveries, Electricity began to assume an impor- 
tant rank among the sciences ; and from a fierce and dreaded 
element, has come to serve as a powerful contributor to the 
physical and social delights of man. 

DESCRIPTION OF ELECTRIC INSTRUMENTS. 

137. Within a few years the facilities for illustrating electrical 
science have greatly improved, and the rude machines of 
Franklin and Du Fay have been superseded 'by a fiur higher 
and more efficient order of instruments. Some of the more 
important we shall here briefly describe. 

The Plate Electric Machine, Fig. 131, may be Regarded 
as the most convenient and efficient instrument for exciting 
and collecting the electric fluid. A circle of thin plate 
glass, G, nicely cut and polished, is placed on a steel shaft 
between two brass shoulders. One of these shoulders is sol- 

WliAt is said of this theory of a single fluid? State some of the practical 
results of Frunklin's iDTestigstions. From the period of Franklin's discor- 
«ries what is said of the rank of electricity among the sciences ? What is said 
of the Plate Electric Machine ? 
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dered firmly to the shaft, while the other is moTsble, and Bcrem 
up against the glass plat«. Two morocco Itether-washen, 
against which these shoulders bind, are stuck firmlj' on tbo 
plate. 

This shaft and plate are moontod on wooden posts, W W, 
standing on a beautiful cross basemeot. Two mbben, R, o( 



buff leather, coated with amalgam, are fastened to brass plates, 
which are pressed against the glass plate on either side b/ 
brass springs, S. These springs are set in a hub placed on the 
top of the negative post, and held firmly bj the negative ball, 
N, which screws down against it. The prime conductor, P, 
rests on a second insulated glass post ; from the end of this, 
next the plate, extend, in the larger machines, two rows 
of points, for taking the electricity from the glass sorfiicc. 
From the other end a ball and sliding-rod, tJ, extend, which 
in the large machines are movable, and may be drawn out at 
pleasure. A silk bag, in which the plate revolves, is arranged 
as seen in the cut 

138. The order of aetting vp and manner of operating the 
Plate Machine. — Place the glass plate evenly against the 

DcKiJbe the Plkta Etactrio MroMm. 
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fixed shoulder of the shaft, and screw the other shoulder 
against it with a moderate force; place the two wooden or 
shaft posts on the shaft, and lower them together into the holes 
of the basement, and secure firmly by the nuts and washei"s 
underneath. Screw the handle, T, to. the shaft ; place the rub- 
bers on either side of the glass -plate, with the oil-silk flaps down- 
ward, and slip the hub on the screw at the top of the negative 
post, and screw on the negative ball to bind it. -Regulate the 
pressure of the springs by the screw-balls at the side, and let 
this pressure be light Attach the rows of points either before 
or after the prime conductor has been placed on its post, taking 
care that these stand even, so as not to touch the glass. Place 
in the opposite end the sliding-rod and ball, and arrange the 
silk bag to hang free and even when the plate is turned. 

139. Before opercUing these machines, see that the shaft- 
posts rest even on the basement, so as to cause the plate to re- 
volve true and without touching the rows of points. These points 
should not be allowed to become bent or blunted. Bub the glass 
posts briskly with an oily silk rag, and also the glass plate, 
taking care to keep this latter firee from any streaks of amalgam 
which may adhere to its surface. 

Whenever the amalgam becomes dry and hard upon the rub- 
bers, remove these, and with a knife ruff this up and soften 
w^ith tallow, smoothing it again ; or, if necessary, spread on 
more amalgam. 

If the floor of the room be dry, let the chain leading from 
the negative ball extend a good distance along this, or it may 
connect with a water or gas pipe of the building. Should any 
points or rough edges be found about the prime conductor, or 
the jars used for holding the fluid, these should be burnished 
smooth and covered with a coat of varnish. The escape of the 
electricity in the dark will point out such defects.* 

* These electric machines ehonld be used with care, and never allowed as 
mere playthings for boys. A reckless Jehu at the crank may do more injury 
ID ffre minutes than a careful operator in as many years. With a proper re- 

15 
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While in use every part of an electric apparatus shonld be 
kept free &om dust ; and never should thia be placed in a 
damp room or exposed to the vapor from unstopped bottles of 
acids and other liquids. 

140. The Leyden Jar, Fig. 132. This is used for coliecting 
and holding a quantity of the electric fluid. To charge this 
positively, let the brass ball connect with the prime conductor 
of the Electric Machine w.hile in action, while the outside coat- 
ing has a free oommunication with the earth ; a dry and 




varnished table will not a^rd this. To discharge the same, 
apply one of the balls of the Plain or Jointed Diackargers, 
Figs. 133, 134, to the outside coatbg, and bring the other to 
thfe knob of the jar.* 

gsrd to the ftbore direotitin^the Plate Hachine may be made to_ operate bril- 
\iuil1y during a damp day and in a cold niom ; although a irsrm and dl7 
atmoaphere is much more fhTorable. 

■ The theory of the charge and discharge of the Leyden Jar will be gins 
Id a future aeotion. 

Use of the Leyden JorT How charge this positivBlyt Hamiw of d^ 
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141. The Electric Battery, Fig. 135, is a series of Leyden 
J&iB, with their inside coatings coonected, and also their outside. 
To discharge the same, place one 
ball of the discharger on the brass 
knob at the side of the case, or 
the object through vrhich the dis- 
charge is to be made, and bring 
the other to the ball of one of the 
jars, whereby a communication 
will be formed between the inside 
and outside coatings of the jars, and a discharge effected.* 
142- Lfote^s Discharger, Fig. 136, may be used for regu- 
pi«. ISO. lating the quantity of electricity to be pa^ed 

a through a body. This, when attached to the 

prime conductor, or a Leyden Jar, may bo 
effected by sliding the rod with" the ball so 
• as to vary the distance according to the degree 
of the charge to be passed from the jar or conductor. A chain 
may connect the outside btill with the body through which the 
fluid is to be passed. 

The Directing Rod, Fig, 137, is a convenient instrument 
for directing electricity from the prime conductor to jars, etc., 
arranged upon a table. As it slides in a' tube which is 
. jointed,' it may bo 
easily directed at 
pleasure. When in 
connection with a 
jar or battery, care 
should be taken against attempting to adjust it with the hand ; 
a& in such a case a severe shock may be received. 

* ir any 0D« ot these jira be of thio gy»m, uid too highly charged, the fluid 
Buj force iU way thraagh the aide, and so punotim and destro; the jar. 

Wh&t is tbe^eatrio BatlcrjT Manner oE discharge T DesiAribe the miuuier 
of niing lAne'e DiMharger. For wb&t ia the Directing Rod used T 
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The Plane arid Graduated 
'*■ '** Pkk-Ball Electrometers. — 
J^\ Figures 138, 139, are used to 
/ I \ denote the kind and degree of 
/ I V tension of the electric fluid in 
^^^ Leyden Jars and other electri- 
fied objects. 

143. By mcana of the Hydrogen Generator, Fig. 140, many 
interesting experiments in the explosion of inflammable gases, 
by electricity, may be performed. To prepare this for use, fill 
the jar with a mixture of about one part of sulphuric acid to 
tweire or sixteen of water, so that 
when the bell is forced into this and 
empty, the liquid shall rise nearly to the 
shoulder of the jar. Before lowering 
into this, suspend within the bell the 
copper vessel filled witb» granulated 
zinc* Sec that all the atmospheric air 
is expelled from the bell before any 
flame is brought near the Jet attached to 
tbe stop-cock. This may be done by 
opening this and drawing off the ^ 
twice. 

To Jill the Electric Cannon or Gaa- 
Pisfpl for firing by the electric 
spark. — Hold these over and just above 
the Btop-cock or long jet attached, and 

A let up the gas ; then, before inverting, 

insert a nicely-fitted cork. The cannon 
or pistol is now filled with a highly 

■ A roll of sheet tine ma? be ossd with grealer oanvemenoe &nd eoonoia;. 
BccFiB- 270. A block of lino ia shown in Iha cut 

Uijc of the Pith-DaU EleotrometerB t How ii the Hydrogen Geacrator pro- 
pared tie use r Desicribo the procesa of fitting the Gas-Pistol fbr exploding b; 
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ezplosive mixtare of hydrogen gas and atmospheric air. Pure 
hydrogen will not explode, and in these experiments requires 
to be mixed with a due proportion of atmospheric air. Should 
the experiment not succeed, from the too great purity of the 
hydrogen within the barrel, draw the cork nearly out, and, wifli 
the pistol inverted, open end down, blow gently from the mouth 
fi>r a moment across the end of the barrel, and again replace the 
cork. This will serve to mix the gases within and render them 
explosive.* 

144. The Gold- Leaf Electrometer^ Fig. 141, is a delicate 
instniment for detecting the kind and degree of electricity in 

bodies. The metallic cup is for showing the 
effect of evaporation on the electric state of 
bodies. The point serves to attract electricity 
from the atmosphere, and so determine its 
positive or negative state; while the con- 
denser attached to the side detects the 
presence of slight quantities of the electric 
fluid, which throu^ its influence show them- 
selves by the divergence or collapse of the 
gold leaves. This is a serviceable instru- 
ment for investigating the electrical state 
of the atmosphere, and for showing the ef- 
fects of induction at a distance. 



llff.141. 




* The platina sponge attached to the stop-cook in the oat is not used in 
these experiments. 

▲ mixtare of two parts of hydrogen and one of oxygen may be used ibr 
fining these instruments. This &rms a oompoand mach more explosive and 
sare of ignition, and may be ased from, a bag in which it has been preriously 
mixed. 

Uses of the Gold-Leaf Eleotrometer T 



15* 
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MECHANICAL ELECTRICITY. 

145. Few persons can have fidled to notice the Ringiilar prop- 
erties which glass, resins, the fur of animals, and a variety of 
bodies, acquire when rubbed with dry silk or woollen cloths. 
K a glass tube, for instance, be rubbed briskly with a silk 
handkerchief, and then held over small fragments of pitk, 
paper, etc., lying upon a table, these will be seen to fly up and 
adhere to its surface for a time, and then fall off; and, after 
a short interval, again fly to the surface of the tube, and so 
continue to pass and repass between the two sor&ces. While 
in this state, if the tube be held near the face, a tickling sen- 
sation, like that from the touch of a cobweb, will be experienced. 
K the fiir of a cat be stroked with a piece of silk, in the dry 
air of a dark room, flashes of light will be seen, accompanied 
by a slight crackling sound. 

These and a variety of kindred phenomena are attributed to 
the agency of an exceedingly subtle fluid, or mysterious prin- 
ciple, called Electricity f with which all matter seems endowed. 
Like heat the electric fluid tends to distribute itself equally 
through all material bodies, and it is only when this equilibrium 
is disturbed by friction, heat, and other causes, that its effects 
become visible. 

146. Electricity by Friction, — Friction is the more common 
method of exciting this fluid ; and by this means aU bodies 
may be made to produce it. 

Experiment, — Rub the glass tube with the silk handker- 
chief, as before mentioned ; electricity will soon be formed on 

What singular phenomenon does a glass tube present when rubbed with a 
piece of silk, and then held near small fragments of pith, paper, etc. 7 Mwt 
of holding such a tube near the face 7 What is stated in regard to the ftir of 
a cat 7 To what agency are these and a variety of kindred phenomena attrib- 
uted? How does electricity distribute itself through bodies? What is the 
more common method of exciting electricity ? State the experiment with th« 
gloss tube and metallic rod. 
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its surface, which will show itself by the emission of slight 
sparks and the attraction of light substances. Treat a smooth 
metallic rod in the same manner, and electricity will also be 
produced, yet without any visible effects. In the former 
instance the glass, from its non-conducting quality, prevents the 
escape of the fluid formed on its surface ; while, in the latter, 
the conducting property of the metal allows it freely to escape. 
Hence, all such bodies as glass, resins, silks and furs, which 
are capable of retaining the electric fluid, are called non-con- 
ductors ; while those which allow it freely to escape, as the 
metals, water, etc., are termed conductors of electricity. 

Experiment a. — Warm a sheet of common writing-paper 
before the fire, and apply friction with a piece of India rubber, 
when the paper will soon become so electrified as to adhere to 
the walls of the room. 

The same effect may be produced by the friction of various 
cloths. Thus, woollen cloths, when brushed in cold and dry 
weather, often become highly electric, and attract the particles 
of floating dust. 

Experiment b, — Agitate some mercury in a strong glass 
tube ; the flection of this will render the tube electric. 

Experiment c. — Blow with a common bellows against the 
ball of a delicate electrometer ; the fidction of the air will 
often excite a sufficient quantity of electricity to become per- 
ceptible. 

The fidction of currents of air against each other and the 
clouds is thought to be one source' of fi'ee electricity in the upper 
regions of the atmosphere. 

147. The friction produced by the escape of steam, under a 
high pressure, from a rough and irregular opening in a steam- 



Why does the glass become excited, while the metal does not? What are 
anch bodies as glass, silks, furs, etc., called, and why 7 Metals, water, eta 7 
Give Experiment a. What is said of woollen cloths brushed in cold and dry 
weather? Give Experiment b. Give Experiment c. What is said of deo- 
tridty prodnoed by steam 7 
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boiler, is one of the most efficient sources of electrici^ 
known. 

Thus, by means of a small insulated steam-boiler, three and a 
half feet long by one and a half in diameter, Mr. Armstrong, 
of England, was enabled to obtain a spark ^' fifteen inches in 
length," and to charge Leyden Jars with a rapidity equalling 
that of the most powerful plate electric machines. 

148. Electricity is of two kinds. — We have already, in the 
Introduction, spoken of the two theories of Electricity proposed 
by Du Fay and Franklin. We adopt the theory of the former 
as affording a more satis&ctory explanation o{ many of the 
details of electric phenomena. 

Experimeiit. — Suspend a pith ball by a long silk thread, 
and hold near it a glass tube excited as before mentioned. The 
pith ball will immediately fly to the surface of the tube 
*' and adhere for a moment, and then be repelled from it 
to a considerable distance. Excite now the wax cylin- 
der, Fig. 142, by means of a piece of dry flannel, and 
hold it toward the pith ball which has been repelled from 
the glass ; it will instantly be drawn to the wax, and 
then repelled from it, and again attracted by the glass 
tube, from which it will soon be again driven, and seek 
the wax cylinder ; thus continuing to pass and repass 
with much energy between the two electrified bodies. 

149. Thus we see that the electrical states of the glass 

and the wax in this experiment jare widely difierent, — 

each attracting, what the other repels. The theory 

of Du Fay in this instance supposes the production of two 

opposite electricities ; that, formed upon the aurfiice of the 

glass being called vitreous or positive, and that upon the wax 



Whose theory of electricity is adopted in this work ? Qive the experiment 
inth the pith baU when acted on by excited cylinders of glass and wax. 
What is said of t£e electrical states of the glass and wax in this ezperi* 
ment 7 What explanation of these phenomena does the theoiy of Dti Fa^ 
g^re 7 
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resinous or negative electricity. These two electricities have a 
strong mutual attraction ; ' and, when separated by friction and 
other causes, tend to combine again and render each other neu- 
tral or latent, which is their natural state. 

Thus, in case of the pith ball, when charged with the posi- 
tive electricity of the glass, it was strongly attracted by the 
opposite negative electricity of the wax, when it parted with its 
charge and became negatively electrified ; whereupon it was at 
once attracted by the opposite electricity of the glass, thus serv- 
ing as the vehicle for conveying to and fro the two fluids, and 
efiecting a neutrality or equilibrium. 

These two electricities are always produced simul- 
taneously^ the one in the rubber, and the other in the body 
rubbed. In the example of the glass tube, while it acquired 
positive electricity from the friction of the silk, the latter 
became in an equal degree negatively electrified. So of the 
friction of the wax cylinder ; while this became negatively 
excited by the flannel, the latter acquired a like share of pos- 
itive electricity. 

150. Theory of the Electric Machine. — We have already 
described the construction and mode of operating this instrument, 
and it remains only to explain briefly the theory of its opera- 
tion. This acts on the principle of the glass tube, difiering 
only in the greater facilities it affords for creating friction and 
collecting the electric fluid. As the plate is revolved, friction 
decomposes the electricities of the rubber, its positive adher- 
ing to the plate, while the negative remains behind in the rub- 
ber. When the surface of the glass with its charge of positive 
electricity comes opposite the row of points, the negative 
eleclrioity is drawn from the conductor, and combines with the 
positive fluid upon the glass, thus leaving the prime conductor 



How are these electricities always produced 7 What is said of the electrical 
Mites of the rubber and the body rubbed T Explain the theory of the action 
of the Electric Machine. 
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cbarged with positive electricity. If the rubber be inaukted, 
the quantity of electricity is sooo exhausted ; hence the oeceft- 
eity of the chain for allowing a constant supply to pass up b) 
it from the earth. 

To charge a jar positively, we hare only to connect the 
inside coating with the prime conductor, while the ontside coat- 
ing has a free conununication with the earth, and work the 
machine. To charge ajar negatively, remote the chun from 
the rubber, and attach it to the prime conductor, and then bring 
the knob of the jar to the negative ball, and proceed as befwe- 
151. Bodies charged with like electricities repel, and with 
unlike^ attract each other. — Experiment. - — Place the PUk- 
BaU Electrometer, Fig. 138, on the prime conductor, and work 
the electric machine. The balls will immediately beooma 
charged with the same (poeitire) electricity, and separate a 
far as possible, as seen in Fig. 131. If, now, the band or any 
negative body be held towards them, they will be strongly 
attracted, and follow it as though possessed of intelligeDce. 
Arrange the machine for obtaining negative electrici^by 
removing the chain from the negative to Uie 
"»• '*>■ prime conductor, and place the balls on lie 

negative conductor, and proceed aa be- 
fore. The balls will now separate, from 
being again cbarged with the same (n^- 
ative) electricity. 

Experime}U a. — The same property of 
repulsion in matter sbnilarly electrified, miy 
be illustrated by the ridiculous figure of tbe 
Long-haired Man, Fig. 143. Arrange ibis 
as in the last experiment. When eledri- 
fied the hair staBds on end, and each fibre, 

Dae of the chaio nttaohed to the rabber T How may a Leyden Jar be •iia'V^ 
positively r How Degatively T State the propoaition. aeotion 151. Oir* On 
eiperiment with the Pith-Ball Eleotrometcr. Qiye the experiment wilh tit 
Loug-h^red Man. 
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u if is a state of repnlsion from ixs neighbor, maintains an 
iBolated and erect position. 

Ejrperimenl b. — If some birds cut from light pith, and 
fostened by fine thread, be placed upon the ball of on Electrom- 
eter Jar, Fig. 144, and the bent wire be so adjusted aa to bring 
its ball within .an inch of the outside coating, upon charging 
the jar, by connecting with the positive or negatire conductors, 

Vlg.1U. 



the birds will gradually rise, 
tenfiion of the electricity ii 
panied by a loud report, is 
coating, when the birds will 
To render this experiment 



CC 



attaining a higher elevatitni as the 
creases, until a discharge, accom- 
eSectfid between the ball and outside 
suddenly fall. 
the more amusing, a fancy sports- 
man may be arranged, as in the 
cut, when at each discharge the 
birds will have the appearance 
of being shot d&tcn. 

Experiment c. — Let a boy 
with fine and dry hair stand 
upon the Insulating Stool, Fig. 
145, and place his hand on the 
excited prime conductor. He 

Oive the eiperinieiit with the Eleolrified Birds. How mk; » perma becoma 
highl/ oharged with clectricitjT What amutiing phenomena ma; a penoD 
thni charged be made to preaeot T 
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will soon become electrified, causing his hair to stand erect, aa 
in Experiment a. Sparks may now be taken from the bodybj 
anj person uninsulated, jars charged, and a variety of anmsing 
experiments performed, as from the prime conductor of the 
Electric Machine, of which he has indeed become a part To 
succeed with this experiment all knives and pointed instni- 
ments should be removed from about the person insulated. 

152. Experiment, — A most amusing illustration of electric 
attraction and repulsion is shown by the arrangement seen in 
Fig. 146. Let either of the sets of metallic plates be arranged 

Fig. 146. 




as seen in the cut, the upper plate connecting with the prime 
conductor and tlie lower with the earth. Place between these 
some fancy pith images, and work the machine so as to regu- 
late the quantity of electricity required ; the images will at 
once commence a lively dance, passing rapidly between the two 
plates, and conveying back and forth the opposite electricities to 
restore the equilibrium.* 

153. Experiment. — Let two jars, of equal size, be charged 
with different electricities, and placed side by side. Suspend 

* These plates should hong even, and any rough edges or particles of fibre 
should be thoroughly removed. A small pin, with the head projecting lightly 
tcom the fbot, will often give a proper balance and motion to these images when 
•• top-heavy." Three forms are shown in Fig. 146. 



Give the experiment with the Dancing Images. What is the espaxaoA 
with the Electric Spider 7 
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Fig. 147. 




midway between their knobs, by a fine silk thread, a piece of 
cork or pith, cut in the form of a spider, with threads drawn 
through it to resemble legs, and the whole colored black. This 
will vibrate between the*two jars, forming an amusing experi- 
ment, known as the 
Electric Spider ; and, 
in a short time, the 
electricities of the two 
jars will be brought 
together and rendered 
neutral. 

Experiment a.— 
Let a small fancy /oy, 
Fig. 147, made from 
pith, be so suspended as 
to swing between the two brass balls, P and N, just grazing 
upon these. The ball F is placed on an insulated post, and is 
connected by a chain with the prime conductor, while N com- 
municates with the earth. Work the machine, and the toy will 
be drawn to P, become positively charged, and then repelled to 
N, where it will discharge, and then be again attracted ; and so 

pass and repass between the two balls, con- 
stituting the Electric Swing, 

Experiment b. — Suspend from the prime 

conductor the Electric Bells ^ as seen in Fig. 

148 ; the two outer have a metallic commu- 

nication with the conductor, while the two 

J0Si, i J^. hsAh or hammers are insulated from it, as is 

\^^ also the middle bell, which communicates 

^^ with the earth by a chain. Excite the prime 

conductor and outer bells positively ; the balls will be drawn 

to tliese, and, acquiring a charge of positive electricity, will be 



F!g. 14S. 




The Electric Swing, Fig. 147 ? How are the Electric Bells arranged ? GiTe the 
experiment wkh these, and the caose of the attraction and repulaon of the 
hoUs. 

16 
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repelled to, and attracted by, the middle or negative bell, where 
the; will discharge and be again attracted to the outer bells, 
and again repelled ; thus passing to and fro, and ringing out 
most forcibly the theory of electric attraction and repulsion. 
154. Experiment. — Place the toy known as the Electric 
Swan in a glass basin of water, and connect 
with the prime conductor as in Fig. 149, 
Work the machine so as to render the swan 
and water positively electric. If, now, the 
finger or any negative body be held towards 
its beak, electric attraction will cause it to 
swim after and follow the finger, as thongh 
possessed of instinct 

Experiment a. —~ The repulsion of like 
and attraction of opposite electricities is well 
iUnstrated by the Balance Electrometer, Fig. 150. Balance 
the rod and balb by means of the movable ring placed on one 




of the arms. Connect the ball of the insulated post with tiie 
Leyden Jar, and charge the same from the prime conducter. 
The ball of the balance will now be attracted by the positive 
electricity of that cennected with the Jar, and, becoming pod- 



What is tUo ciiwrimcnt with lh« Electric Swan t £ipla1n the arrangemeot 
of ttie BatanoB El ootro meter lot Bhoninj eleotrio altraotioD and repulsion. 
Cause or the y[bralions of the rod ni.d baits wIiim. connected with the cliarKcd 
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rfrely electrified, the balance will be repelled from this and, at- 
- tracted at the opposite end, where it will deliver its charge, 
become negative, and be again attracted, and aggjn repelled, 
thus continuing to vibrate and carry off electricity until the 
jar is discharged. This experiment may be rendered more 
amnskig by fastening a fimcy toy on each arm of the beam, and 
so illustrating the game of see-saw. 

Experiment b. — Balance on a point upon the inenlating 
stand of the Universal Discharger, Fig. lS\,a.smallbell-g}ass. 



Remove the pincers from the conducting-rods, and in their 
place attach two points ; connect one of the rods with the prime 
conductor, and the other with the earth ; bring the points near 
the aides of the bell, deviating a little upon opposite sides of 
the diameter of this, and work the machine. The electricity 
from each point will charge the surface of the glass near it with 
its own electricity; consequently there will be a repulBiou 
between that of the point and glass, and an attraction between 
that of the glass and the point upon the opposite side. Acted 
on by these forces, and being free to move, the bell-glass 
will commence a rapid revolution, discharging its sides upon 

Ezpluo the (heai7 of the ravolutioii of the bell-gUsa, as (diciwii In Fig. 161 
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the opposite points in it3 revolutions, and thus affording a novel 
exhibition of electric attractions and repulsions. 

ELECTRIC INDUCTION. 

155. A remarkable property of the electric fluid is its power 
of affecting the electric state of bodies by its mer^ approach, 
without any actual communication of itself to those bodies. 

Thus, if a glass tube be excited by friction, and held towards 
some insulated body, to which is attached a delicate electrom- 
eter, free electricity will at once become visible in the body, 
although the tube be held at so great a distance as to preclude 
the possibility of imparting any of its free electricity. 

Experiment. — Let three brass cylinders be arranged on 
glass supports, and provided with pith-ball electrometers placed 
on wires near their extremities, as seen in Fig. 152. Let b be 

Fig. 162. 



^ Ur^U-k i 



T T^ 7 




placed in the vicinity of the prime conductor, A. while d con- 
nects by a chain with the earth. If, now, A be positively 
excited, it will act to decompose the electricities of 6, causing 
its negative to be attracted to the end next to A, while its 
positive electricity is repelled to the further extremity ; thus, the 
two sets of pith balls attached to the two ends of b will diverge 
from opposite electricities. The positive electricity of b will, 
moreover, decompose in like manner the electricity of c, and c 
that of d, causing the balls of each to separate as in the case 
of b. The positive electricity of rf, being driven off to the 



What remarkable property of the electrio fluid is stated in sectioii 155 7 
Experiment with the glass tube and pith balls ? Give the experiment with 
the brass cylinders and sets of pith balls.. Explain the theory of these phe- 
nomeno. 
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earth, will cause the balls upon its fiirther or positive extremity 
to diverge less than thope at the other extremity. In this ex- 
periment no electricity passes &om A, but the result is caused 
by mere induction, as may be proved Irom the &ct that the balls 
again come together as soon as the excited body is removed. 

156. *Aa eleclnfied body tends always to induce an oppo- 
site electrical state in bodies brouybt near it. — Thuai in the 
last experiment, if the positively excited glass tube be brought 
near one end of the cylinder, the natural electricities of this 
will bo decomposed; its negative being attracted to the end 
next the tube, while its positive will bo repelled to that moat 
remote, causing the balls at each end to diverge from different 
electricities. If, while in this state, the further end of the 
cylinder be touched by the hand, the positive electricity will ■ 
escape to the earth, and, upon withdrawing the excited glass tube, 
the cylinder will be found charged with on!y negative electricity. 

157. Upon this principle of electric induction, may be ex- 
plained the attraction and repulsion shown in sections 152-3. 

The Elecirophorous, Fig. 153, is an instrument whose action 

is due to this same cause. A 

circular metallic basin, B, is 

filled with melted wax, and 

cooled, so as to leaye a smooth 

and even surface. This basin 

A or wax disc is then screwed 

J > to the top of on insulated 

A glass post. Accompanying 

^B this is a circukr metallic 

^H plate, A, somewhat less in 

^^V diameter than the disc, and 

provided with an insulated 

handle of glass. 

Stste the propasitioa section 166. Hoir Uloatrsted by the praiioos «iperi- 
meiit T Describe the Electrophorons. 
16« 
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tlxperiment, — Rub the wax disc of the Electrophorooa 
brisklj^ with a warm flannel, or, which is better, whip it with a 
catskin, and the wax will become negatively electrified. Place 
now the metallic plate on this, taking it bj the glass handle; 
remove it, and no electrical change is induced; place it again ou 
the wax, and at the same time touch it with the finger, So as to 
form a communication with the earth ; the electricity of the 
wax will decompose those of the plate, attracting its positive, 
and repelling its negative, which will escape through the hand 
into the earth. Now, raise this again by the handle, and hold 
near the knuckle, when a brilliant spark of positive electricity 
will be received. Place the plate again on the wax disc as 
before, and remove ; another spark may be received : and so the 
experiment may be repeated any number of times, since the 
wax loses none of its negative power, but acts only to induce a 
change in the electric condition of the metallic plate. 

Experiment a. — With the wax disc excited, as in the last 
experiment, write on it with the knob of a jar, charged with 
positive electricity, and then blow upon it a mixture of pow- 
dered red lead and sulphur, from a small bag, (Fig. 153), or 
bellows. The lead powder will adhere to the negatively excited 
portions of the wax, and the sulphur to the positive, or those 
Ix)rtions touched by the knob, clearly defining the course of this 
by beautifully radiating lines. 

The Electrophorous will often retain its action when once 
charged, for weeks, and is a convenient means of obtaining 
small quantities of electricity for experiment. 

158. Theory of the Ley den Jar. — The Leyden Jar is 
simply a common specie-jar, coated inside and out to the same 
level, with tin-foil, and provided with a wooden cap, and a ball 
and chain connecting with the inside coating. Its uses and mode 
of charge and discharge have been already referred to, ^ 140 ; it 



Give the manner of exciting thib, and explain the theory of ite excitation. 
Stote experiment a. Describe the Leyden Jar. 
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now only remuns to explain the theory of its operation. This 
is dne to the principle of induction Just explained. 

Experiment. — Place a Leyden Jar upon an insulated 
stand, with a pith-ball electrometer con- 
necting with its inside and outside coat- 
ings, as shown in Fig. 154. Connect the 
inside coating with the prime conductor, 
and work the machine ; the jar will 
become but feebly charged, as indicated by 
the two electroipeters. If, now, the 
knuckle be brought near the outside coat- 
ing, sparks will be received from this, 
r^ _ and the jar become rapidly charged, the 

inside with positive, and the outside with 
negative electricity, and both sets of 
balls will diverge from opposite fluids. 

In this ' example the positive elec- 
tricity, as it enters the inside, acts by 
iJtdtKlion, through the non-conducting glass, to repel the same 
from the outside of the jar, and attract its opposite negative 
electricity ; but, while insulated, the escape of the positive flaid 
from the outride is prevented, which precludes the entry of Uie 
same into the inside. Hence the reason of the necessity of a 
free communication between the outside coating and the earth, 
during the act of charging a Leyden Jar or battery. 

159. Glass, resins, air, andall kindred insulating media which 
resist the passage of the electric fluid, but through which this 
may exert its inductive power, are called dielectrics. Through 
these, electricity is supposed to act by a polarization of their 
particles; each molecule of the glass, et$., being thrown into 
opposite electrical states, us in the case of the cylinders, Fig. 



state the experiment with the Leydea Jar placed upon an insulated stand. 
What *i11 be necessarj to enable the jar thus placed to become full; charged t 
(Ktc the explanation of this pbenamen&. What are dielectrics T Hov is elec- 
trieitj supposed to act Ihroogh such bodies T 



152, and thus, by a series of attrsctions and repulsions, tm influ- 
ence traverses the intervening medium, which produces its de- 
composing effects beyond. 

160. The force of induction diminishes rapidlt/ aa wr. 
recede from the exciting cmtse ; hence, the thinner the glass 
of the Lcyden Jar, and the nearer the two fluids are brought, the 
more intense will become the electric charge. If, however, the 
glasa of the Leyden Jar, for instance, be too thin, the tension of 
the fluids may be so great as to overcome this rcastance, and 
so unite by forcing a passage through the gkss, thus punctur- 
ing and destroying the jar. 

Experiment. — Arrange two Leyden Jars as in Fig. 155 ; 
connect the hall of the upper with the prime 
"*■ "°- conductor, and charge the inside positively ; 
this will repel the same fluid from its outside 
into the jar below, when both will be found to 
be positively electrified. By arranging a series 
of jars upon an insulated surface, and con- 
necting the outside coating of the one in com- 
munication with the prime conductor with the 
inside of the next, and so on, the whole may bo 
charged, each from the electricity driven off 
from the outside coating of its preceding neigh- 
bor ; the charges, however, becoming more fee- 
ble according to the distance from the prime 
source of induction. 

Eleclridft/ resides mainly on the surface 

of the glass in the Leyden Jar, while the 

_ metallic coatings serve only as conductors of 

it. This may be satisfactorily shown by a jar 

with movable coatings, as seen in Fig. 156. 

What ig said of (he force of induotion u ire recede from the ewiUng CftnaeT 
What \b the eiperiment with tiro jure seen in Fig. 155? What is said of th( 
manner of charging a series of jure from eaeh otherl In the Leyden Jir 

where dou (he eleotrioity mainly reeide T 



MOVABLE-COATING JAR. 



189 




Experiment a. — Apply the ball to the prime -conduct- 

OTj and charge the jar ; lift out the in- 

A side coating bj the glass tube, and hold it 

' I suspended, avoiding the metallic ball ; free 

H the outside vessel or coating from the glass, 

■ ■ ' by inverting on the table ; place the smaller 

within the larger coating, and apply the dis- 
charger. No electricity will be found on 
these metallic surfaces. Now, slip the out- 
side coating over the glass again, taking care 
not to touch with the hand the surface of the 
glass, and replace the inside one as before. 
If the discharger be now applied, a vivid flash 
wiU pass between the two coatings, sho>ring 
that the electric fluid remained on the sur- 
face of the fflasSj while the metallic coatings served merely 
as conductors for the same. 

161. The tension of electricity varies inversely as the sur- 
face over which it is distributed. 

Experiment. — Let two tin cylinders, say three by eight 
inches, fit one within the other, the inner being provided with 
an insulated handle, and attach a delicate pith-ball electrometer to 
the outer one ; place the whole on an insulated stand, and charge 
with electricity. The pith balls will separate and show the 
degree of tension of the electricity. Now raise the inside cyl- 
inder slowly by the insulating handle, the balls will gradually 
&11, showing a diminution of the electric tension, as the fluid 
becomes distributed over a greater sur&ce ; depress the cylinder, 
and the balls will again rise. After a jar or battery has been 
charged for some time, and then discharged, it will often spon- 
taneously recover its charge to a considerable extent, giving 
rise to what is known as the residual charge,^ This, accord- 

* Whenever a discharge is made through a body, from one conductor to 



How may this be proved by means of the moTable-coating jar, Fig. 166 1 
How does the tension of eleotrioity vary 7 How may this be proved 7 
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ing to Faraday, is caused by the electric fluid which is forced 
into the glass among its particles by the tension of the electricity 
on its surface, anfl which returns slowly to the sur&ce as th« 
external force is removed by a discharge. From this cause an 
ordinary battery will sometimes accumulate sufficient electricity, 
after a discharge, to give a smart shpck. 

LUMINOSITY OP THE ELECTRIC SPARK. 

162. Whenever p,ny considerable quantity of electricity is 
passed through a medium which resists its passage^ light 
and heat are produced. — These are caused by the sudden 
compression of the air or other medium before the electric fluid 
in its rapid passage, whereby latent heat becomes sensible, ac- 
companied by light. The color and course of the electric 
park vary with the media through which, and the conduct- 
rs between which, it is passed. The following experiments 
equire a dark room. 

Experiment, — Unscrew one of the balls from the discharger, 
Fig. 133, and substitute a ball of ivory ; place the other metal- 
lic ball against the outside coating of a charged jar, and bring the 
ivory ball towards the knob of the same ; the light from the 
electric discharge, between the knob and the ivory, will be of a 
deep crimson. Substitute in place of the ivory ball a lump 
of sugar, when the color of the spark will be white, and the 
sugar will remain luminous for some time. Fluor spar will give 
a green light. 

another, a chain or wire should lead fi*om the Airther conductor to the outade 
of the jar. Unless this be observed when the jar is grasped by the hand, the 
body of the operator forms a portion of the electric communication between the 
two coatings, and a severe shock may be received. 



What is meant by the residual charge? How is this, according to Faraday, 
caused 7 Under what circumstances are light and heat produced by eleo^ 
tricity ? How are these caused ? How do the color luid cause of the electrk 
ipark vary T Experiments showing this 7 
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Experiment a. — Place some e<;(;s in a stand, as seen in 
ii«. 167. Fig. 157, connecting the bottom of the series 
with the earth, while the ball at the top is made 
to communicate with the prime conductor or a 
charged jar. The passage of the electricity 
through these will so powerfully illuminate each, 
as to show distinctly the whole interior struc- 
ture of each egg. 

163. K letters and other characters be formed 
by sticking with varnish small spots of tin foil 
on some insulating surface, as oiled silk or glass, 
so that each spot shall be separate from its neighbors, and an 

Fig. 158. 





Fig. IM. 



electric spark be passed through these, the instantaneous pas- 
sage of the fluid will render the whole 
word or other figure beautifully lumi- 
nous. 

Experiment — Connect one end of 
the Lum,inous Frame, Fig. 158, with 
the floor and earth; bring the ball at 
the other end to the prime conductor, 
or, which is better, to the outer ball 
of Lane's Discharger, properly adjust- 
ed, when the whole word will appear 
as above stated. A pane of glass set 
in a frame, and spotted to represent 
a profile or star, Fig. 159, presents, 
also, a splendid illumination when- the 
electric spark is sent over it. 




Give the oxperiincnt with the eggs. How may letters, figures, etc., be 
rcnderei luminons by electricity ? 
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Experiment a. — Fig. 160 shows a glass tnbc spotted oa 
the ttiside in a spiral form.. Pre- Kg. wi. 

sent the ball of this to the excited prime 
conductor, as in the last experiment, 
holding the bottom by the hand, or con- 
necting its brass cap with the earth b; a 
chain, and brilliant spirals of electric 
light will flash down the tube as the 
machine is worked. A string or neck- 
lace, formed bj sewing t«gether spots of 
±tin foil with silk thread, may bo ren- 
dered luminou» in the same manner. 
Fig. 161 shows several of those 
tubes arranged on a circular stand, and 
illuminated by the revolution of two balls, ~ 

attached to a wire lever, which revolves on a point upon the 
top of an insulated support. The wire and balls 
connect with the prime conductor, and. as they 
revolve, discharge the electricity from this, down 
the tubes, forming a most brilliant experiment 
Experiment b. — Connect the knob of the 
luminous or Diamond Jar, Fig. 162, wiUi 
the escitcd prime conductor, and make a &ee 
communication between the outside coating and 
the earth. The electricity, as it distributes it- 
self over the inside of the jar, will present one 
series of illuminations, and, as the same is re- 
pelled from the outside, another; and, thus 
constantly leaping across the insulated spaces, 
will render the whole jar luminous by constant 
flashes of light. 
164. Electricity passes with increased facility tkrmtgk 
rarefied air, the tight diminishing in brilliancy as the rare- 
faction approaches a vacuum. 

O'vte eiperinmit a, vith the spotted tube. What is said of the ptnage of 
electriulf through nrafied ur T Qivt the experiment with the Diuuond Jar, 
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Fig. 168. 




Experiment. — Screw to the plate of the air-pump, and 

also to the end of the sliding-rod, sets of 
metallic-points, as seen in Fig^ 163. Con- 
^Lm^0 nect with the prime conductor, work the 

W T Electric Machine, and at the same time ex- 

haust the bell-glass. As the air in this 
becomes more rare, the electricity will pass 
more freely between the sets of points, ex- 
hibiting a most singular luminosity, resem- 
bling the Aurora. 

Earperhnent a. — Remove the sets of 
points in the last experiment ; screw a ball 
to the lower end of the sliding-rod ; place 
under the receiver a Leyden Jar; bring 
the ball of the rod near that of the jar, and 
connect with the prime conductor, as in the 
last experiment. Charge the jar in this 
position, and then exhaust the receiver. As 
the rarefaction proceeds, a luminous current of electricity will 
flow over the jar from the positive to the negative side, until the 
equilibrium is restored. 

Expcrivient b. — Place two metallic points within the long 
Guinea and Feather Tube (see Pneumatics, Fig. 50), and 
Bcrew this by the stop-cock to the plate of the air-pump. Con- 
nect the ball of the upper end with the prime conductor, and, 
when the tube is well exhausted, work the machine. The 
electricity will now pass freely through the whole length between 
the two points, presenting streamers of light, strikingly similar 
in appearance to the Aurora Borealis, 

Experiment c. — If, instead of the points in the last experi- 
ment, two small balls be substituted, and, when the tube is well- 




GiTe the experiment with the sets of luminoas points. Giye Experiment a. 
Give the experiment for showing the luminosity bj eleotricity bj means of the 
Guinea and Feather Tabe, Fig. 60. What does the light in this experiment 
strikingly resemble 7 

17 
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nigh exhausted, a charge from a highly electrified battery b« 
passed, the electricity will desceDcl in a briUiaut ball of white 
light, forming the beautiful experiment known as the faliing 
star. 

A beautiful modification of these experimenla is shown by in 
apparatus, known as the Abbe NoUel's Globe, Fig. 164. A 



glass globe with a long neck passing up through the opening 
of a glass receiver, is sealed to this, so aa to be air-ti^t. Upon 
the top of this neck is a movable cap and ball, with a chain 
attached, and leading down into the globe. 

Experiment d. — Place the receiver on the plate of the 
air-pump, raise the c»p and ball, and fill the globe with 
water as high as indicated by the cut. Connect the ball with 
ijie excited prime conductor, and at the same time exhaust tbe 
receiver. As the nirefaction of the air increases, streams of 
electric light will shoot across from the glass to the brass plal^ 
constantly varying in color and form, with the degree of the 
exhaustion, from the white spark to the purple brush. 
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COMBUSTION BY THE ELECTRIC SPARK. 

« 

165. As we have already remarked, light and hecU are the re- 
sults of the elech'ic spark in its passage through such media as air 
and the gases, which offer a resistance to its course. These 
?arj with the quantity of the fluid and the density of the medium 
through which it moves. Even with the limited quantity which 
niay be collected in a Leyden Jar, or ordinary battery, the 
calorific effects of electricity may be shown by a great variety 

of curious and 
'*'* ^^' striking illustra- 

tions. For many 
of these, the Uni- 
versal Discharger, 
Fig. 165, is a 
convenient instru- 
ment. 

ExperimenL — 
Place on the in- 
sulating glass 
stand of the Uni- 
versal Discharger a ball of cotton filled with finely pow- 
dered resin. Bring to each side of this the balte of the sliding- 
rods ; connect one of the rods with the outside coating of a 
charged jar by a chain, and on the other place one ball of the 
discharger. Fig. 165, and bring the other ball quickly to the 
knob of the jar ; the passage of the electricity through the 
cotton will cause.it to be inflamed. The same may be shown 
by placing the cotton on one of the balls of the discharger. 
Fig. 188, and bringing near the knob of the charged jar. 
Experiment a. — Beverse the sliding-rods of the last exper- 




Howdo the Ught and heat produced by eleotricity vary T Qiye the experi* 
ment fbr inflaming ootton by electrioity. What is the experiment with gun 
powder? 
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iment, so as to bring the points within a half an inch of eacb 
other, while resting on the glass stand. Pour some fine gun- 
powder between these, and discharge as in the previous expori- 
ment; the powder will be scattered in every direction, but not ig- 
nited. Cover the points with this as before, and let a wet string or 
body of water form a part of the connection between the sliding- 
rod and jar ; discharge again, and the powder will be readily 
exploded. This is probably occasioned by the surprising velocity 
with which the fluid travels (676,000 miles per second), not 
allowing, in the former case, sufficient time to produce its calor- 
ific effects, and requiring for this a less perfect conductor, as 
water. 

166. Experiment. — The Powder Bomb^ Fig. 166, exhibits 

a more striking form of the 
same experiment. Pour into 
this a thimble-charger fiill 
of fine powder; wet the 
string attached to one of its 
wires, and hook it on to one 
arm of the discharger ; let 
a chain lead from the other 
wire to the outside of a 
charged jar, and bring the other arm of the discharger to the 
knob of the same. The passage of the electric fluid across an 
interruption of the two wires will ignite the powder with a 
loud report.* Fig. 166 shows a sectional view of this instju- 
ment. 



Fig. 166. 




* In all experiments for igniting gunpowder by electricity, a small glosi 
tube filled with water forms the best connection. This may bo about tea 
inches long, having two wires entering its ends, through tight stoppers, 
smeared over upon the outside with sealing-Waz. These wires should approach 
each other in the tube, so as to leaye about four inches of water between their 
ends. 



Why wiU this not be ignited by the electric spark when it is placed betweec 
good metallic conductors? Give the experiment with the Powder Bomb 



ELECTRIC CANNON. 
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W\g. 168. 



Experiment a, — Fill the 
Electric Cannon^ Fig. 167. 
with a mixture of hydro- 
gen gas and common air, by 
means of the Gas Generator, 
Fig. 168. Insert in this can- 
non a tight cork, and let a 
chain connect it with the outside of a charged jar. Pass the 
electricity down the insulated wire attached to the small ball of 
the priming-hole. As it passes from the end of this wire to the 

side of the cannon, through the gas, this 
will explode, and the cork be forcibly ex- 
pelled with a loud report. This cannon may 
be charged with powder also, and fired, as 
in the previous experiment. 

Experiment b. — A highly amusing 
form of the last two experiments, showing 
the igniting power of the electric fluid at a 
distance, may be exhibited as follows : Let 
two small wires lead, unobserved, from the 
lecturer's table, along a side of the room, to 
a remote comer. Place there a loaded can- 

^v ^ non, and let a glass tube of water form a 

Ij^^^" ^ portion of the connection, as remarked 

aboye. Place on the* priming-hole a small 
ivory or wood^cup, opening into the cannon, and provided with 
two wires with blunt ends, about an eighth of an inch separate. 
Connect one of these with the positive wire leading from the 
glass tube, and the other with the other wire, and fill the cup 
with fine powder. These may be arranged before the audience 
assemble ; and, during the lecture, a jar, placed upon the table 
before the lecturer, may be discharged through these wires, 
causing the cannon to explode, to the great astonishment of the 
OBsaspecting company. 




What experiment with the Electric Cannon? 

17* 
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A strong tin canister may be filled with explosive gas, uid 
fired in the same unexpected manner ; the use of the glass 
tube, however, being unnecessarj for this. The Galvaaii 

Pistol, Fig. 191, Galvan- 
^'-'^^- ic Electricity, may be 

arranged for firing by 
electricity. 

167. JSxperiment. — 
Pour into the Ether Spoon^ Fig. 169, sufficient sulphuric ether, 
or strong alcohol, to cover its bottom. Hold this under a ball con- 
nected with the excited prime conductor, and let an electric spark 
pass into it, when the liquid will burst into aflame : a common 
silver spoon will answer. A person electrically charged, aa in 
Experiment c, § 151, may fire this by bringing over and near 
the liquid his finger, so as to allow of the passage of ^ spark. 

Experiment a. — Arrange two or three feet of iron chain in 
separate coils upon a sheet of white writing-pgj)er, and pass 
through this a charge from about eight square feet of coated 
surface ; the portions of the paper upon which the clTain rests 
will be scorched, and, if the charge be sufficiefitly great, even 
burned through, by the heat of the electric fluid. 

Experiynent b. — Place the hair-spring of a watch between 
the pincers of the Universal Discharger, and discharge through 
this a charge, as in the last experiment, when it will be liieralhf 
consumed. Thus, lightning often melts metallic conductors, 
which are too small to conduct it fireely. 

168. Mechanical Effects of Electricity. — These efiects are 
often seen in the passage of the fluid through imperfect conduct- 
ors, such being rent asunder with the greatest violence, without 
showing any signs of heat, as in the previous experiments. 

Experiment. — Suspend a thick card between the balls of the 
Universal Discharger ; bring these directly opposite and near the 



IFow may ether or alcohol be fired by the electric epark? Give Experiment 

a. Experiment with a fine watch-spring 7 When are the mechanicid effect! 
of electricitv eThlhUiwi ? 



of electricity exhibited 7 
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same; pass a charge from a battery, as inExper&nent $165 ; the 
electricitjT will puncture the card without moving it, so great is 
its Telocity. A peculiar hole is thus formed, with a buiT pro- 
jeciing out both ways, as though the fluid had proceeded from 
the centre of the card. This experiment is regarded by many 
as one of the proofs of the existence of two fluids, whjch, in a 
discharge between conducting bodies, proceed in opposite direc- 
tions. A still more convincing proof of this is given by 

Experiment a, — Color a card with vermilion, and place it 
between the points of the Universal Discharger, so that one of 
these shall be about half an inch above the other, and discharge 
the battery as in the last experiment. The card will be per- 
forated at the point connected with the negative earth, while a 
black line of reduced mercury will trace the path of the elec- 
tricity along the surface of the card between the two points* This 
curious effect is attributed to the greater rapidity with which the 
po^tive fluid passes through air; for, if this experiment be 
performed in vacuo, the perforation will always take place at a 
point intermediate between the two metallic points.* 

Experiment b. — Drill two holes in the ends of a piece of 
diy wood, half an inch long, and a quarter of an inch thick ; 
iBsert two wires in these, so that their ends shall be rather less 
than a quarter of an inch apart ; pass the charge of a large 
battery through these wires, and the wood will be split with 
violence. The same may be done with stones. 

Experiment c. — Suspend in a common wine-glass, nearly 
filled with water, two wires, tipped with metallic balls, so that 
these shall be about half an inch apart. Send through these 
wires a charge from a four-quart jar or small battery ; the 

♦ Bird. 



Experiment with the card placed between the two ballB of the Uniyersal 
IMscharger 7 How is this experiment supposed to prove the existence of two 
electric fluids? State Experiment a. To what are the curious effects seen in 
this experiment attributed 7 State the experiment where an electric discharge 
i> made through a wine-glass filled with watet. 
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passage of the electricitj through the water between the balls 
will cause the glass to be shivered. 

Large rocks are sometimes removed by drilling a hole and 
inserting the lower end of a metallic rod which shall attract the 
lightning. This, passing down the i*od, enters the rock, scat- 
tering it with a force far superior to gunpowder. 

169. Decomposition by Electricity, — That form of electricity 
most effective in causing the decomposition of compound sub- 
stances is produced by chemical action, and known as Galvan- 
ism. This is characterized by a far lower tension, but a vastly 
greater quantity, than common frictional or static electridtj. 
The decomposition of a liquid, for instance, depends on the 
quantity of electricity passed through it ; hence, for rapid de- 
composition, the Galvanic Battery is commonly employed. The 
same may, however, be effected to a certain extent bj the elec- 
tricity from friction. 

Experiment. — Remove one of the screws and rod from 
the end of the thick glass receiver of the Decomposing Appa- 
ratuSj Fig. 170, and fill this with water. Replace, and bring the 

Fig. 170. 




two balls near each other ; pass repeated charges from a large 
battery through the water between the balls ; the gases oxygen 
and hydrogen, the elements of which the water is composed, 

How are large rocks sometimes rent asunder by the aid of elecfrWtjT 
What form of electrioitjr is most effective in producing the decompositioi, of com- 

Zt°ri.5;^rn''''. ^'° "'^^^ decomposition be effected by common frictionJ 
elc«tn.,ty? Q. o the expedaient for illustrating this. 
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will be separate*} and collected in the upper part of the receiver. 
If a sufficient number of discharges be made, these gases will 
be produced in such (quantities as to fill the receiver down to 
the balls, when they will be ignited by the electric spark, and 
reOnite to form water again, this rising and filling the receiver 
once more ; thus showing the decomposition and recomposiiion 
of water by ike electric spark. 

Experiment a. — Drop into the Electric Mortar, B, Fig. 
171, sufficient oil or water, 
to cover the ends of the con- 
ducting-wires. Place the 
ball, over the hole, to which 
it is nicely fitted, and pass 
the electricity from a 
charged jar, as shown in 
the cut. As it passes be- 
tween the wires, through 
the liquid, thi^ will be de- 
composed, and form gases, 
which willsuddenly expand, 
80 as to throw the ball sev- 
eral feet into the air. If 
repeated discbarges &om an electric battiiry be mude through a 
portion of confined air, the two gases, oxygen and nitrogen, 
which are mechanically mixed to form this, will become chemi- 
cally united hy the electricity, and form an exceedingly strong 
acid, known as aquafortis. Thus, lightning acta to coagulate 
or aonr milk and other albuminous liquids, by forming in the 
atmosphere, during a thunder-shower, this corrosive .acid. 

170. Electricity is strongly induced about metallic poiiits, 
which attract and discharge it with lar greater facility than 
blunted surfaces. 

Oire tbe eip«rim«tit with the Eleolrio Hortnr. The eStct of repeated dis- 
charges of electricity throngh h portjon of confined air ! Cause of the souring 
of milk, etc., aftera thuDder-fltonn? Efiect of metallic points in re(krBiic« to 
the electric fluid T 
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Experiment, — Place a pith-ball electrometer on the knob 
of a jar, and charge positively, or on the prime conductor. If, 
now, a metallic ball be held toward this, it will have but little 
influence in remoying its positive electricity, as shown by the 
very gradual descent of the pith-balls ; but remove this, and 
present instead a pointed wire, when the electric fluid will be 
rapidly withdrawn, and the balls quickly ML If in a darkened 
room, the point held toward a positively charged body, as the 
Leyden Jar, in this instance, will show a star of electric light, 
and, if presented to a negatively charged body, a brush of hght 
It is thus, that, during the passage of a highly electrified 
cloud, spires of churches, masts of vessels, and other pointed 
objects, are often, during the night-time, tipped wiUi light, the 
electricity passing between the charged cloud and pointed object, 
the same as between the prime conductor and metallic point 
Such a light is known among sailors as Castor and Pollux, and 
is a cause of dread, as oftentimes immediately preceding a dis- 
charge of lightning. 

171. The Electric Atira is a current produced in the air by 

the escape of electricity ftom a 
point. This is often sufficient to 
cause small wheels to revolve, and 
even to move delicate machinery. 

Experbnent. — Place a pointed 
bent wire in the ball of the prixoe 
conductor, and bring near it a del- 
icate float-wheel^ as seen in Fig- 
172. Work the machine, and the 
escape of the electricity from thisvfiU 
cause the wheel to revolve rapidly 



Pig. 173. 




How shown by a metallio point placed on the prime conductor ? When will 
the illumination at the point be a star ? When a brush of light ? Wh&t '^ 
said in regard to the phenomenon occasionally exhibited during the nigb^ 
time by pointed objects when electrified clouds are passing? What vt 
these lights called by sailors T What is the Electrio Aura t How shown bj 
the float-wheel and point ? 
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The reaction of the current thus fomied may be well illus- 
trated by the following : 
^'y^y Experiment a. — Stand the pointed wire, Fig. 

173, with its wheel of S's, on the prime conductor, 
and excite the machine. The escape of electricity 
will produce a reacting current, which will cause 
this wheel to revolve rapidly, and in the dark 
these points will present a beautiful luininous 
circle. 

Experiment h. — Provide such a wheel with an 
and let the ends of this rest on an inclined plane of wires, 

. as shown in Fig. 174. Con- 
***' ^* nect with the excited prime 

conductor ; the reactiom 
against the poipts will cause 
the wheel to roll up the in- 
clined plane. 
Experiment c. — A highly 
amusing illustration of electrical reaction, may be shown by 
the Electric Sectson-Machine, Fig. 175. Here an arrangement 

representing the sun, earth, 
Fig. 176^ ^ ^^^ moon, is balanced on a 

point upon the top of an 
insulating post. From each 
of these bodies and the 
main wire project points. 
When electrified from con- 
tact with the prime con- 
ductor, the escape of the 
fluid from the points will 
cause a reaction sufficient to make both sets of wires, with their 
balls, revolve somewhat after the astronomical order. 





How may the reaction of the air on a corrent of electrioity escaping from 
points be shown 7 Explain the operation of the Electric Season Machine. 
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Ffg. 176. 




Electridtj is an efficient agent in promoting evaporation^ 

which it does by its force of self-repulaion, 
driving asunder the particles of liquid, and 
thus rendering them minute and volatile. 
This may be well illustrated by an arrange- 
ment seen in Fig. 176. 

Experiment d. — Suspend from the prime 
conductor a small metallic bucket of water ; 
place in this a siphon, and cause it to flow, 
and work the machine. The electrified water, 
instead of falling m a stream, will be dispersed in a fine mist. 
172. Effects of Electricity on the Afiimal System,— 
Whenever the body of an animal is made a part of the electrical 
circuit, an involuntary and painful muscular contraction is 
experienced ; and, if the charge sent through this be sufficiently 
great, instant death is the result. K a powerful charge be 
passed through a portion of the body, as a single limb, for 
instance, the sensibility of this may be destroyed. Thus, Van 
Marum found that the eel, an animal exceedingly tenacious of 
life, was instantly killed by a shock passed through Uie whole 
body ; and when passed through only a portion of this, that 
portion was destroyed. 

Experiment. — Place any animal, as a rat, for instance, in 

the glass tube, fig. 
177, and discharge 
through it a large jar 
or battery — instant 
death will be the re- 
sult* 

*The bodies of animals killed by lightning are found to undergo npii 
putrefivition, and it is a remarkable circumstanoe that after death the blood 
does not coagulate. 



Kg. 177. 




What, relations is deotricity supposed to sustain to evaporation T How do« 
it promote evaporaUon? Give the experiment with the smaU bucket vA 
Biphon. State the effiscts of electricity on the animal system. Case of the erf 



MEDICAL ELECTRICITY. 205 

Experiment a. — Let any number of persons join hands ; 
charge a quart jar, and while the one at one end* clasps the 
outside of the jar, let the one at the other end complete the 
electric circuit, "by touching its knob, when the whole will ex- 
perience a smart shock in the arms at the same instant. Thus, 
Abbe NoUet passed an electric charge through a circuit of fifty- 
four hundred persons, when a convulsive shriek was given at 
both ends at the same instant. 

Experiment b. — An amusing illustration of the same prin- 
ciple may be shown as follows : Coat a large pane of *glass with 
tin foil to within about two and a half inches of its edge, on 
both sides. This may be set in a wood frame, similar to Fig. 
159 ; now connect the coating of the under side, by a narrow 
strip of tin foil and a chain, with the earth ; place upon the other 
side a piece of coi?i, and connect with the excited prime 
conductor ; the glass will become charged like a Leyden Jar, 
and, if attempts be made to remove the coin with the fingers, 
the person, who will form a portion of the electric circuit, 
will receive a painful* shock, causing a failure in the attempt. 
This forms the well known experiment with the Miser^s 
Plate. 

173. The virtues of electricity as a medical agent were, in 
the early stages of the science, greatly exaggerated. Electrified 
medicines, purporting to effect remarkable cures, were dealt to 
the patient in medicated tubes, and a variety of gross imposition 
was for a time practised by learned pretenders. Such a course 
soon brought electricity, as a healing agent, into disrepute, and 
caused it to be well-nigh discarded in medical practice. Its 
efficiency, however, in cases of paralysis and imperfect circu- 



How may a company of persons be arranged for receiving the shock from n 
Leyden Jar? Give the experiment with the Miser's Plate. How were the Tir- 
taee of electncUy» as a medical agent, regarded in the early stages of eleotricnl 
science 7 In what diseases of the body is it beneficial 7 What kind of elec- 
tricity is usually employed for medical purposes 7 

18 
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lation, 13 now too well known to admit of a doubt. "^ The kind 
of electricity more generally administered is that of the galvanic 
battery. The form of instruments, and mode of application 
to the patient, will be found fully described in works specially 
devoted to this subject. 

* Ferguaon, in his Introdaction to' Electricity, published in 1778, reUtes 
the following among many other remarkable cures through the agency of 
electricity. We give them in his own words. " A young man, who had well- 
nigh lost his hearing, so that those who spoke to him were obliged to speak 
very loud, came twice to be electrified. I only drew sparks from his ears, and 
at the second time he heard very well, and continued to do so afterwards. 

" I was once, at Bristol, seised with a sore throat, so that I could not swal- 
low. Mr. Ad lam, of that city, who is a fine electrician, came and drew many 
electric sparks from my throat, and, in about half an hour after, he dkl the 
same again. He staid with me about an hour longer, and before he went 
away I could eat and drink without pain, and had no return of the disorder* 
I have relieTcd several persons in such cases, but never in so short a time. I 
have often drawn sparks from chilblains, and always found they were cured 
thereby. 

** One time my wife happened to scald her wrist by boiling wato*. I set 
her upon the insulating stand directly, and took qrarks finom the wrist. In a 
short time I found the redness of the skin begin to disappear, and she felt 
immediate relief. I repeated the operation, which entirely cored h^, and 
there was not the least blister left on the skin." 
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174. The atmosphere is always found charged, to a greater or 
less extent, ifhh electricity. This varies, in kind and degree, 
with the causes which produce it. As we ascend to the more 
elevated regions, the quantity of electricity present in tbe 
atmosphere increases; and, in clear and settled weather, tliis 
is found to be positive in regard to the earth. In changeaijle 
weather, and specially during a thunder-storm, the atmosphere 
is sometimes positive and sometimes negative, often cliauging 
Hs electric state quite suddenly. The presence of electricity 
in the atmosphere may be readily shown by extending into 
it a pointed metallic rod, insulated, to the bottom of wLich is 
attached a delicate electrometer. Even in clear weather suffi- 
cient electricity may be attracted by this to cause the leaves 
of the electrometer to diverge, and, during a thunder-storm, 
Yivid sparks can often be taken, sufficient to charge jars* and 
electric batteries, and perform all the results of a common 
electric machine. 

175. We have already, in the introduction, alluded to the grand 
discovery by Franklin of the identity of lightning and com- 
mon machine electricity. This he proved, most conclusively, 
by means of a kite, which he elevated during the passage of 
a thunder-cloud, when the electricity or lightning firom this cloud 
passed down the wet string, and was collected in jars, like 
that from an ordinary electric machine. 

176. By means of an extended and connected series of pointed 
wires, erected on trees and elevated objects, a prodigious 
quantity of electricity may be collected for experiment «* &r 



What 10 8ud of the eleotrioity present in the atmosphere T What is said of 
the electric state of the atmosphere in changeable weather, and during 
thunder-storms T How maj the presence of electricity in the atmosphere be 
detected T Experiment of Franklin for proving the identity of lightning and 
electricity T How may large quantities of electricity be collected from the 
atmosph*^? 
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exceeding that produced from any artificial sooroe. Thus, ^Ir. 
Crosse, a celebrated English electrician, was enabled, with 
one third of a mile of wire, to collect from the atmosphere, 
when in a highly electrified state, suflScient electricity to 
charge a huge battery, of seventy-three square feet of coated 
surface, " twenty times in a minute, accompanied by reports 
as loud as a cannon." And with a large kite, having a string 
inwoven with fine wire, and elevated to the height of five 
hundred and fifty feet, M. de Somas, a French philosopher, 
qjbtained from the conductor to which the string was attached 
during the passing of a thunder-cloud, "balls of electric fire 
ten feet in length, and an inch in diameter." 

177. Evaporation k regarded as the prime agent employed 
in distributing electricity through the upper regions of the atmos- 
phere. The earth is the great reservoir fi)r the electric fluid ; 
from this the vapors, which are constantly rising, bear it. aloft, 
these being rendered volatile by the self-repellant properties 
of the electricity which they contain. When this watery 
vapor reaches an elevation where the condensing powfer of* 
cold is sufiicient to overcome the repulsive force of the elec- 
tricity, clouds are formed, and the electric fluid, like latent 
heat, becomes sensible in the condensed vapor of the cloud. 

178. Thunder- Clouds y of all aerial bodies, exhibit the 
highest degrees of electric excitement. These are usually 
formed, during the heat of summer days, from the rapid 
condensation of vapor with which the atmosphere is then satu- 
rated. As they increase in density and extent, the tension 
of their free electricity becomes greater, until soon this reaches 
such a degree as to overcome the resistance of the non-con- 
ducting air, when a discharge of lightning takes place, either 
towards some neighboring cloud less electrified, or the earth. 

Describe the apparatus of Mr. Crosse fbr collecting electricity from the 
atmosphere. Give the result of M. de Romas' experiment What is said of 
the agency of electricity in evaporation ? How does electricity aid CTaporv 
tion ? When ai-e thunder-clouds usually formed ? How is lightning evoh^ 
from these, and upon what does it discharge itself? 
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I^lated cloads, which form rapidly from vapor condensed 
by the meeting of warm and cold currents of air, usually 
present the most terrific electric phenomena. Such are usually 
marked by a' violent commotion, a flying and whirling of 
detached fragments about the denser portions, a black and 
threatening appearance, and, as they increase in size, by 
frequent discharges of lightning, followed by terrific peals of 
thunder and torrents of rain. 

179. The thunder-dlbud may be regarded as a huge electric 
battery suspended in the heavens, and insulated by the sur- 
rounding air. In this prodigious quantities of the electric 
fluid accumulate, and, when overcharged, discharge, like the 
ordinary battery, upon the nearest object. "^ These clouds are 
often negative in regard to each other and the earth ; in such 
a case, the lightning is seen to leap from one to the other, 
until the equilibrium between them is restored^ Occasionally 
flashes of lightning are seen to pass between two clouds, sepa- 
rated by a considerable distance, and the earth, at the same 
moment. In such instances, the clouds are supposed to be 
in widely difierent electric states, but too far separated to allow 
of a direct passage of the fluid, which takes a circuitous route, 
passing from the positively electrified cloud to the eartb, and 

* The quantity of the fluid in a discharge of lightning varies with the 
(fimensiona of the cloud, and the tension of its electricity. The hole forced by 
Ughtaing in its passage through solid bodies varies in size from that formed 
by a small rifle baU to one foot or more in diameter. The following .descrip- 
tion of the recent effects of lightning on a dwelling-house, upon the island 
of Gkeat Chebeaque, Maine, was furnished the Portland Mvertiser, by an eye 
witness, and serves to show the prodigious quantity of electricity which occa- 
rionally passes from a highly charged cloud. 

" The lightning appeared as a ball of fire, apparently a foot in diameter, with 
a trail some thirty yards in length. This passed down the chimney, shatter- 

What kind of clouds generate electricity most rapidly? Give the appear- 
ance and phenomena exhibited by such clouds. Correspondence between a 
thonder-oloud and a Leyden battery T Course of the electric fluid between 
two clouds, in diflferent states, but separated by a wide interval ? 

18* 
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Fig. 178. 



then from this to the negative cloud; the iostantaneoiiB pas- 
sage of the fluid causes the lightning, in this case, to aj^peur U 
descend to the earth from both clouds at the same instant. 
Oftentimes thunder-clouds, highly electrified, are seen to break 
upon the sides of mountains, or the surface of the ocean, when 
the discharges of lightning are directed whoUj to the earth, 
and become fre(][ucDt and violent in the extreme. 

180.. We have alteady shown the tendency of electricity 
to repel its like, and attract its opposite kind. Thus, when a 
cloud, A B, Fig. 178, highly charged, say with positive elec- 
tricity, is suspended 
over and near theeaith, 
it acts by induction, 
through the dielectric 
air, to repel the same 
electricity from that 
portion of the earth 
directly beneath, and 
attract its opposite. 
When such a cloud 
discharges, the return 
of the repelled fluid 
to the sur&ce again sometimes produces, a shock suflhsient to 
destroy life. This is known as the return stroke^ and bj it 

ing the house in a fearful manner, but not firing it Nearly exery article of 
crockery was broken in pieces ; and two docks, three looking-glasses, and 
two heavy oak tables were destroyed. Eyery chair in the kitchen was brokcs, 
and every partition removed from its proper position, and more or less shtt- 
tered. The chair upon which the lady of the house was sitting was broken 
in twenty-eight pieces. The hole formed by the passage of the lightning 
through the floor into the cellar was sufficiently large fi>r the passage of i 
man. A stone arch in the cellar, two feet thick, was rent asunder, infimr 




Results when thunder-clouds sometimes break upon mountains, or the vaa^ 
fiice of the ocean T Explain, from the figure, how a person may be kiUfid by i 
dischaiige from a cloud when several miles distant from the lightning. ^'k»* 
is this form of stroke called ? 
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a person on an elevation, at D, say,* may be killed, althougk 
ten or twenty miles distant from the lightning of the cloud. 

181. Liyhtniiiy-rods are a compai-atively recent invention, 
being one of the results of the practical investigations of Dr. 
fianklin. We have before shown the power of metallic points 
in attracting the electric fluid, and withdrawing it from elec- 
trified bodies. The phenomena of these suggested to the mind 
of that acute philosopher the idea of pointed metallic rods 
raised upon buildings, for protecting these against the dangers 
ai lightning. These may be made from three-quarter inch 
nail^iTod (although copper is preferable as a couductor), ex- 
tending up from the chimney, and from the ends and corners of the 
roof, from three to six feet, and terminating in points ; * the 
whole being connected with one or two main rods, conducting 
to the earth. These should enter the ground sufficiently deep 
to be always in contact with a moist earth ; and may terminate 
in some powdered charcoal, or a spring of water. The space 
which a point will protect is much less than is often supposed ; 
this being a sphere whose radius is twice the height of the 
point above the building. Thus, a point rising five feet above 
the roof will protect a spherical space of twenty feet in 
diameter ; hence, the necessity of several of these upon a large 
building. The rods should be as entire as possible, and the 
stays used in holding them, if of metal, should not terminate 
in points near other metals within the frame of the building ; 

l^iAes, and the cellar-wall twice aeyered from top to bottom, and the stones 
blackened as if by powder. Every window-eash in the hoase, with bne 
exoeption, was demolished ; five doors were shivered to splinters. A large 
tronky fiUed with clothing, was subsequently opened, and its contents found 
to be covered with soot to the depth of half an inch. Several trees, at a dis- 
tance of six rods from the house, were shattered in pieces ; but, remarkable to 
say, amidst this general wreck, the inmates of the building escaped with lifb." 
* Silver points are preferable. 



What is said in regard to the discovery of lightning-rods? How may th^ 
be made ? How should they be placed upon a building? What space around 
wiU a pointed conductor commonly protect 7 
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as, in case of an excess of lightning passing donn the rod, a 
portion may pass along the stay into the building. 

Some amusing esperiments, illustrative of the uses and 
defects of liglitning-rods, may be ahown, as follows : 

Experiment. — Place upon the Thunder-House, Fig- 179, 
either form of points. Without 
"•■ ^"' the metallic chain leading within, 

B0 shown in the cut, join the parts 
of the rod eo as to make it en- 
tire, and connect the bottom, bj 
a chain, nith the outside «f a 
charged jar ; bring- this jar near 
the point, when it nill be eiientiy. 
yet rapidly, discharged. Place a 
ball on the point, and the Jar will 
now discharge with a flash, yet 
without harm to the building. 

ExperimeiU a. — Place, now, within the same, a small 
canister of explosive gaa, aa described in Experiment $166; 
connect this with the rod upon the inside, as shown in the cut, 
and bring the chain, connected with the metjillic surface on 
which the canister rests, to the outside of a charged jar; 
break the connection of the rod a trifle, and bring the knob of 
the jar near the ball or point. The fluid, instead of passing 
aa before, will be diverted into the building, exploding the g»s, 
and scattering the parts of the house in every direction ; thns, 
strikingly illustrating the disastrous effects which frequently 
proceed from a defective lightning-rod.* 

•* The parts of this minUtore house are held together by nwgneto. One i* 
of tha roof ma; be mnoTcd Ibr arranging the apparstoa within. Hw »'"'" 
ter, if tight, ma; ba Blled and adjiuled befbre the leclore ; in auota ou>i <^ 
order of these eiperimeDlB must b« reioraed. Powder may be MibitilvM'i il 
coDaecling with the rod by a wet string. 

Stale the eiperiment with the thimder-hoaMl Give EiperimenH, iU»* 
tnting a daAocj** lightjung-tod T 
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182. Thntider is caused bj a sudden concussion of the air, 
ifhich has been forced aside bj the electric fluid in its passage 
through this; the rolling sound is produced by the rever- 
beration among the clouds, and the return of the report from 
the varying distances along the electric line. The zig-zag 
course of lightning is, probably, caused by the condensation of 
the air before the fluid, which turns it aside from a direct line. 
Vapors, however, and different conducting media, may some- 
times determine its course irom a straight line. 

183. Places of Safety. — The sudden and terrific eflfects of 
lightning render it a cause of universal dread, which naturally 
leads to an inquiry in regard to the proper precautions against 
its dangers. The directions are few and simple. Lightning- 
rods, properly constructed, are, imdoubtedly, important safe- 
guards gainst its effects in dwellings, and on board of vessels. 
As chimneys, charged with soot and smoke, are excellent con- 
ductors of the fluid, and very liable to attract it, a seat near a 
stove or fire-place, during a thunder-storm, should be avoided ; 
also, against bell-wires, gilt mouldings, or by an open window, 
as the electricity is most certain to take these in its course 
through a building. The cellar, also, is an unsafe place of re- 
sort ; the fluid often passing from the earth to the cloud, when 
the most disastrous results may be effected in the basement. 

Beclining upon a feather-bed, sitting in the centre of a car- 
peted room, or standing upon a thick rug, are tolerably safe 
positions. 

If out of doors, trees, especially those standing near bodies 
of water, should not be sought for shelter ; but rather clitb of 
rocks, low sheds, caves, etc. The chances, however, of death 
firom lightning are exceedingly few, less even than firom the fall 
of chimneys, the upsetting of carriages, or a thousand similar 
liabilities, which seldom occasion the least solicitude. 

How is tliimder caused 7 Cause of the zig-zag coarse of lightning? What 
&re some of the dangerona positions daring a thander-storm 7 Some of the 
more sale positions T 
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184. Heat' Lightning is probably a reflection of the flashes 
of lightning produced by storms actually below the horizon. 

185. The Aurora Borcalis is undoubtedly the result of an 
electric agency. Various theories have been entertained in 
regard to the probable cause of this singular phenomenon ; bat 
nearly all unite in ascribing this in some way to the electric 
fluid. De La Rive, a philosopher, whose opinion on such sub- 
jects is entitled to much regard, explains the cause of the 
Aurora as follows : 

The constant escape of positive electricity from the earth, by 
evaporation, renders the upper atmosphere highly positive; and 
there is consequently a continual tendency to restore the equi- 
librium between this and the earth. Although, by electrical 
discharges from clouds, and by the &11 of rain and snow, this 
is partially effected, yet the main channel, through which the 
fluid passes to the earth, is found to be at the magnetic poles. 
Thus, the quantities of electricity which pass into the atmos- 
phere, about the equatorial regions, flow towards the poles, and 
are discharged into the earth at the extremities of the mag- 
netic axes, and from thence flow again to the equator, thus 
forming a constant and continuous electric circuit through the 
upper atmosphere toward the poles, and through the earth to- 
ward the equator. 

The streamers of auroral light are caused by the passage of 
electricity in a circle, from the regions above the magnetic pole 
toward this pole. In demonstration of this theory, De La Rive 
caused one of the poles of a straight magnet in connection with 
the earth to enter a glass globe. Around and above the end 
of this magnet was fixed a metallic circle, in communication 
with an electric machine. Upon removing the air from the 
glass globe by means of the air-pump, and charging the me- 
tallic circle from the electric machine, the fluid was found to 

How is heat-lightening probably oaused T By what agency ia the Aqtoa 
Borealia probably produced? Give the experiment of Be La Rive, for iUoa- 
trating the caoae of the Aurora. What eyidenoe have we that the Aurora is 
conneeted with the magnetism of the earth T 
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pass from all parts of the ring towards the pole of the magnet, 
forming streams of dim light, and a halo resembling with much 
precision the phenomenon of the Aurora. . 

That this is connected in some way with the magnetism of 
the earth is evident from the fact that the magnetic needle is 
found to be more or less affected by north and south currents 
during auroral exhibitions. 

The Aurora often affects most sensibly the operation of the 
Electro-Magnetic Telegraph, causing the register of this to 
operate as if connected with a powerful battery. The irregular 
action of the telegraph during the day sometimes gives the 
signal of an Aurora, which is verified by its appearance at 
evening. 

The affection by the Aurora is most sensible in Bain's Chem- 
ical Telegraph. Thus, by its effects upon the telegraph, this 
illumination is shown to be connected in some way with the 
electric agent. 



WliAt is said of the Aurora in re&rence to the Electro-Magnetio Telegraph T 
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186. Occurrences, the most trivial in themselves considered, 
are often suggestive-of principles the widest and most impor- 
tant in their application. In about the year 1789, Cralyini, a 
professor of Anatomy, at Bologna, had his attention one day 
arrested by the following singular phenomenon. Some frogs^ 
legs, prepared for a soup for his- wife, who was an invalid, were 
suspended by copper hooks connected with an iron railing. As 
these were moved by the wind or other cause so as to touch the 
iron, they were noticed at the same instant to become convulsed, 
and exhibit a peculiar twitching movement, as if possessed of 
vitality. Galvini at once commenced a series of experiments, 
and produced the same phenomenon, in a more marked degree, bj 
the application of various metals to the nerves and muscles of 
the legs of frogs &eshly prepared ; and hcMce, from so slight a 
circumstance, was laid the foundation of that branch of phys- 
ics, named from its discoverer Galvanism; a science, which 
has of late contributed in such a wonderful degree to the pro- 
gress of art, and to enhance the physical and social well-being 
of community. 

Galvini attributed these movements of the muscular system 
to a nervous fluid, which passed from the nerves to the mus- 
cles, to restore an equilibrium whenever the metals connecting 
with these were touched together, producing at the same time 
a convulsive shock, similar to the attempt to restore the dis- 
turbed equilibrium of a charged Leyden Jar. 

187. Volta, a distinguished electrician, soon after instituted 
a series of experiments, to refute the theory of Galvini, and 
showed that no electrical or nervous excitement took place, un- 



State the circumstanoeB conneoted with the discovery of Gftlvaniam. Wh.'U 
is said of the importance of this branch of science T To what did GalTini at- 
tribute these singular movements of %he frogs' legs ? What did the experi- 
ments of Volta show 1 
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less the metals connecting the parts of the animal were of dif- 
ferent kinds, as iron and copper, or copper and zinc ; he was 
lienoe led to refer these singular results to the development of 
free electricity by a contact of the metals. Thus, in the case of 
line and copper, when in simple contact, free positive electricity 
was found to be evolved from the former, and free negative 
electricity from the latter. These Volta attributed to a pecu- 
liar electro motive force, under which metals by simple contact 
tend to assume different electrical states. 

The late experiments of De La Rive, Faraday, and other 
distinguished philosophers, have overthrown the theory of Volta 
alao, and proved this form of electricity to be in every instance 
the result of chemical action. 

The discovery of the Voltaic Pile by Volta, in about the year 
1800, served to establish, beyond a doubt, the identity of elec- 
tricity and galvanism, and gave a new phase to this wonderful 
branch of science. 

188. When two metals^ differing in their susceptibility of 
oxidation, are connected and placed in some liquid capable 
of acting m>ore powerfully on one than on the other^ that 
form of electricity known as galvanism or electricity in mo- 
tion is produced. 

Experiment, — Pour into the glass vessel, Fig. 180, some 

dilute sulphuric acid, and in this place two 
metallic plates, one of zinc and the other 
of copper, with wires attached as in the 
cut. If, now, the wires be joined, a galvan ic 
^\ |;:ir^^^2Iiy /* circle will be formed; the water of the 
^^^'*--^,.,;^— -^ liquid becoming decomposed,* its oxygen 

will unite with the zinc (the more oxida- 

• Water is a compound, formed by the union of the two simple gases oxy- 




To what was he led to refer these results ! What is said of the late experi- 
ments of De La Rive, Faraday, and otliers? What did the discovery of the 
Voltaic Pile aerre to establish ? State the proposition section 188. State the 
experiment illustrating this. 

19 
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Fig. 181. 



ble metal), and at the same time a current of electricity will 
be transmitted through the liquid to the copper, on the surface 
of which hydrogen, the other element of water, will appear 
in the form of minute bubbles of gaa ; this current of elec- 
tricity passes around through the wires in the direction indJcated 
by the arrows, and returns again to the zinc where it originated; 
and thus a constant electric current is maintained, so long as 
the wires are made to touch ; but separate these, and the flow 
instantly ceases, and so continues until contact is again made. 
Such an arrangement constitutes a Simple Galvanic Battery. 
If a series of these metallic plates be made to alternate, each 
copper being joined to its corresponding zinc, as shown m Fig. 

181, it forms the Voltaic Pile or Com- 
pound Battery . 

189. The copper plate, or extremity 
at which the electricity passes/ro/rtthe 
liquid, is termed the positive pole. 
while the zinc plate, or extremity where 
it enters it again, is called the ti^atke 
pole. These poles have also been styled, by Dr. Faraday, ekc- 
trodes,^ or ways for the electricity; the positive pole being 
called by him the anodCj-f or ascending way, and the negatirc 
pole the cathode,X or descending way, or path for the electric 
fluid ; these terms expressing more clearly the direction of this 
in its flow through the parts of the battery. 

190. It is not necessary, in order to form a galvanic circuit 

gen and hydrogen. These are in different eleotrical states, one positive, and 
the other negative. Tlie poles of the Galvanic Battery having a stronger at- 
traction for these than they have for each other, they separate and go to tbcir 
respective poles. The same is true of other compounds besides water. 

♦From the Greek, ¥,ltxToov, electricity, and 6«?oc, way. 

t lira, ascending, o^og^ way. ^ xaru, descending, ohc, way. 




What does such an arrangement constitute 7 What constitutes a CompouD<l 
Galvanic Battery 7 What is the positive pole 7 What is the negative? Vba' 
were these poles styled by Faraday 7 
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that there be two different metals, or two kinds of liquids, pro- 
vided certain other conditions be attended to. Thus, if a single 
plate of zinc be so fitted into a wooden trough as to form of it 
two separate cells, and into one of these, upon one side of the 
metal, there foe poured some dilute acid, and into the other, upon 
the opposite side, a solution of common salt, a current of elec- 
tricity will at once commence to flow through wires connecting 
the two sides of the plate ; or if the same liquid be used in 
both cells, and one side of the zinc plate be rough and the 
other smooth, a like action will result. Thus, in order to excite 
galvanic action, it is only necessary to produce different degrees 
of chemical action on different plates of metal, or on opposite 
aides of the same plate. 

191. Galvanic electricity is characterized by its immense 
quantity and contintwus JUno^ but feeble tension ; frictionou 
or machine electricity, by its limited quantity and irregular 
discharge, but high tension, and the great energy of its me- 
chanical action. — The machine electricity, employed in the 
experiments of the previous sections we have shown to be pos- 
sessed of a remarkable degree of tension, which required the most 
perfect insulation, in order to prevent its escape from the sur- 
face of the bodies upon which it was desired to retain it ; and its 
quantity, although small, was characterized by a spasmodic, yet 
wonderful energy of action. Galvanic electricity, on the other 
hand, is evolved in prodigious quantities, yet with a. steady and 
continuous flow, and may pass through conductors, but slightly 
separated from other conducting media ; thus, the wires which 
conduct away the electricity produced from a powerful battery 
require only the insulation^ afforded by a coat of varnish or 
cotton thread, while, in the case of electricity produced by me- 
chanical means, these conductors require a separation of a con- 
siderable distance. 



How^ maj a galvanic current be produced by a single metal or a single Uq|iid 
IMstinotion between galvanic and frictional electricities? 
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The following illustration may, perhaps, best serve to oonv^ 
an idea of the nature and effects of these two forms of elec- 
tricity. Suppose a reservoir for water to be situated upon an 
eminence, and supplied by a constant flow from an adjoining 
spring, and from this reservoir a pipe conduct to the r^ion 
below. K this pipe be left open, so that the water may have a 
free and continuous passage from the reservoir, the quantity 
passing in a given time, although great, will not be suffered to 
accumulate, so that its force will be comparatively feeble and 
unobserved ; but if, now, this pipe be provided with a valve at 
its lower extremity, which shall remain closed, and open only 
as the reservoir becomes filled, and the intensity of the pressure 
from the accumulated water too great to be longer withstood, a 
violent bursting forth of the fluid will occur at stated intervals, 
accompanied by effects the most forcible and energetic. Thus, 
with a comparatively small quantity of liquid under a- high 
pressure, more striking effects may be produced than with a 
very much larger amount unrestrained. So of the results of 
the electricities excited by frictional and galvanic action, while 
the former produces its effects through an accufnulafed and 
intemfified action, the latter, flowing forth in a mighty yet con- 
tinuous stream, works its changes through its quantity^ rather 
than by any concentrated power. 

192. The tension of galvanic electricity may be in- 
creased, and fnade to approximate to that produced by the 
electric machine. — This may be effected by increasing the 
number of the pairs of metals employed in exciting the galvanic 
current. The quajitity of electricity set in motion by a single 
pair of mcUllic plates is the same as that from a long scries of 
the same, while the intensity of this varies with the number 
of the plates forming the galvanic circuit. Thus, a single pair 



Illustrate the natures of the two electricities by the flow of water. State 
the proposition section 192. How may the tension of galyanic electricity be in- 
creased, and made to approximate in its eflfects to machine electricity T What 
is said of the quantity of electricity set in motion by a single pair of pUtcs 
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of plates, however large, can neyer produce electricity of suffi- 
cient intensity to decompose water, or give the slightest shock 
to the animal system ; while, if the same be divided so as to 
form a number of small plates with an equal surface, and these 
be arranged as in Fig. 181, electricity may be excited of sufficient 
intensity to produce sparks, and give vigorous shocks, similar 
to those received from the Leyden Jar ; indeed, a galvanic bat- 
tery, composed of a sufficiently extended series, may be made 
to produce nearly the same results as the common electric nda- 
chine, giving violent shocks, emitting sparks, charging jars, 
etc. 

The increase of the intensity of the electric fluid with the 
increase of the galvanic series is due to the resistance which it 
meets in its passage from one series of metals to another 
through the liquid, each series imparting to it an additional 
momentum or intensity, which becomes greater in proportion to 
the number of the pairs of metals by which it is urged for- 
ward. 

193. The heating and magnetic effects of galvanic elec- 
tricky depend an its quantity leather than its intensity ; ajid 
this varies with the amount of chemical action or the extent 
ofthemetattic surface on which this action is exerted. — Thus, 
for extensive heating and deflagration, or for powerful mag- 
netic results, the size of the plates should be regarded. Batteries 
constructed with reference to this, are termed deflagrators, from 
the energy with which metals and other combustible bodies de- 
flagrate or burn, when made to form a portion of the galvanic 
circuit. For heating, and magnetic efiects alone, a single pair 
of metallic plates only is required ; but certain experiments, as 
we shall have occasion to show, depending for their success on 
both quantity and intensity, require that both the size and 
number of the plates forming the series be regarded. 



W^bnt is said of the results from dividing such a pair of plates, so as to form 
ih>in them a series of smaller plates? To what is the increase of the intensity 
of the electric fluid in such case due 7 

19* 
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194. Galvanic Batteries. — These are constructed of ▼arioos 
forms and sizes, accoi*ding to the pxirpoees for which thej 
are intended. The general theory of their operation has been 
already given ("J 188) ; it only remains to describe a few of the 
moi*e common forms, and give some general directions in regard 
to the manner of their use. 

The simplest form of battery now employed, is that devised 
by Mr. Smee. This is shown in Fig. 189, where a plate of 
platinum or copper, C; forms the electro-negative metal, and 
plates of amalgamated zinc, Z Z, the electro-positive metal. This 
plaiitinum is usually suspended between two plates of amalga- 
mated zinc,* from a wooden frame resting on the top of the glass 
receiver. The wires or poles for directing the current of elec- 
tricity, in this, as in the subsequent forms of the battery, are 
connected with the zinc and copper or platinum plates, by means 
of small screw-cups, so as to be easily removed when desired. 
Sulphuric acid, diluted with ten or twelve parts of water, is 

the liquid employed for exciting 
galvanic action. This form of 
battery is extensively used where 
uniform and long continued ac- 
tion is required, as in processes 
of electrotyping yet to be de- 
scribed. 

195. The Sulphate of Cop- 
per Battery, of which Fig. 182 
presents a sectional view, consists of two cylinders of copper, C C, 
tightly soldered to a copper bottom. Midway between these, 



Fig. 182. 
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* The zinc plates, employed in all batteries where dilute acid is used, shoald 
be amalgamated with mercury. These amalgamated plates m&y be prepared 
by pouring upon mercury, in a saucer, some dilute sulphuric acid, and then 
brushing the liquid and mercury over the sur&ce of the zino» until the whok 
is covered with a bright coat of mercury. 



On what do the lieating and magnetic eflfects of the Galvanic Battery de> 
pend, and how do these vary ? Describe the Sulphate of Copper Battery. 
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by means of three wood or ivory supports resting on the outer 
cylinder, is suspended a thick cylinder of zinc, Z, bo as to ro 
miun insulated from the copper surfaces. Two screw-cups, P and 
N, for holding the connecting wireSj are attached, one to the 
outer copper, and the other to the zinc. The lii^uid ascd is a 
solution of sulphate of copper (blue vitriol) in water.* This 
is poured into the space between the copper cylinders, and acts 
on both surfaces of the zinc, + 

Flf . 183. , , - , . . 

evolving a current of electricity, 
which passes through the liquid to 
the copper, and so out through the 
positive wire, as already explained. 
This battery may be advantageously 
employed for propelling the various 
forms of electro-magnetic engines, 
described in the following sections. 
Fig. 183 presents a perspective 
view of the Sulphate of Copper Bat- 
tery. 

* AboDt two oauete of this mlt to the pint !■ a conTcnient proportion ; u 
oold walar disMlres this bIdwI;, the prooeas Dm; be hastened, when oeeessai?, 
bj wnrmiog the liquid. Sulphate of copper a composed of milpburio add 
oombined with oxide of copper. 

t The aclion of this batter; a U (bllowB : The Ot;gea of the water forma 
with the lino an oxide of that melaL Wilh this the sulpbnria acid of the 
Mlt combines to fbrm a sulphate of lino, leaiing the oiide of copper, which 
is deposited on the surface of the line, or fkiig to the bottom of the liquid, oa 
a fine blaak powder. The h;drogen, the liberated element of the water, in- 
stead of escaping into the air, unites for the moat part with the oijigen nf the 
deposited oxide of copper, and agun furms water, while the pure metal ad- 
herea to the surGice of the oopper cjlindera as a light red ponder. 

The lino o;Under should be romoved from the solution, and suffered to ^r, 
■a often as once in fifteen or twent; minutes. Wbeo the lioc surfface baa be- 
oome too much coated with the copper oxide, it greal1;eafeebles the action of 
the liatter;, and should be cleaned with a wet sponge, or floe xire cant pre- 
puvd for the parpos& When the solution has become kw louch saturateil 
with the sulphate of linc, it should be thrown awa;, and a flveh suppi; of 
liquid, prepared aa aboie, should be introduoed. 
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196. The Self-Protecting Sulphate of Copper Battery is > 
form of battery, devised by Professor Daoiell, for obviating the 
objections to the use of that Ust described. A cylinder of zinc 
is inclo^ in an oz-gullct, or, vrhiub is better, a porous eartheD- 
Tare cup, which separates it from the outer or copper aarWe 
of a copper receiver. Tlie apace within the cup around tlie 
line cylinder is filled with a solution of sulphate of soda 
(Glauber's salts) ; while that without and next the copper is oc- 
cupied by a solution of sulphate of copper (blue vitriol), as in 
the previous six'tion. By this arrangement, whereby two differ- 
ent exciting litjuid^ are employed, such an interchange of 'elemenla 
takes place through the interposing earthen, as leaves the surfa«« 
of tlie two metaU comparatively clean and free from an oxide de- 
posit, and thus rcndem liic action much longer and more uniform. 

197. A cheap, simple, yet efficient form of Compound Bat- 
tery may be made, by placing pLites of zinc and c«pper in a 
series of glaes vessels, and then connecting each set, as shoim 
in Fig. 181. The exciting liquid for filling the glasses may be 
sulphuric acid diluted with from ten to fif^n parts of water. 
This series may be extended to any number, forming a battery 
of proportionate Intensity and power. 

198. Grove's Battery. — This is an exceedingly efficient fbnn 

of the Galvanic Battery, 
"■■ ^^ and is now quite exten- 

sively employed for tele- 
graphing and other pur- 
poses requiring quantity 
08 well as intensity of 
galvanic action. The con- 
struction and arrsng?- 
ment of the ^'arions parts 
may be learned fiT>ni 
Fig. 184. Into a plain glass tumbler of about one pint capacity, 
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is placed a thick cylinder of amalgamated zinc, standing on 
short legs, and divided by a longitudinal opening on one side, 
to allow a free circulation of the liquid. Within this cyl- 
inder is an unglazed porcelain cell, in which is suspended a 
strip of platinum soldered to the end of a zinc arm projecting 
from the adjoining zinc cylinder. When a series of these are 
arranged, as in the cut, to form a compound battery, the terminal 
strip, P, with its screw-cup, is supported by the first zinc cylin- 
der, Z, but is insulated from it by a piece of ivory. Strong nitric 
acid is used in the porcelain cell in contact with the platinum, 
and sulphuric acid, diluted with ten or twelve parts of water, 
in the outer vessel containing the zinc* 
199. The Trotiffh Battery.— This Ui^rj, Fig. 185, as 

originally constructed by Mr. Cruik- 
shank, consisted of plates of copper and 
zinc united together in pairs by sol- 
dering at one point only, so as to be 
lowered into the separate cells of a 
wood trough ; these plates were at- 
tached to a strip of wood, and so ar- 
ranged that when lowered into the 
cells of the trough beneath containing 
the exciting liquid, eaeh pair should 
enclose a partition between them. The principle of this arrange- 
ment and action is the same as shown by Fig. 181 ; it possesses, 



Fig. 185. 




* Owing to the strength of the aoids used, and the widely different oxidizable 
qualities of the two metals employed, the chemical action of this battery is 
great ; and the quantity and intensity of the electricity evolved from a given 
■ar&oe exceeds that from any other form of battery now used. 

This form of battery is, however, objectionable for common purposes, 
owing to the risk attending the use of such strong aoids by inexperienced ma- 
nipulators, and the corrosive nature of the nitrous acid fumes given off during 
its action ; these being not only ii^juriQus to health, but acting readily on the 
polished metals of a close room. 



How are the plates of the Trough Battery arranged T 
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however, a decided advantage over that, in the bet that the 
whole aeries ma; be lifted at once &t>m the cells, when de«red, 
and further action thus checked. 

Fig. 1 86 shoe's a modem and £ar superior arrangement of the 
Trough B;ittery. In this form the zinc plates are inclosed in 
copper cases, open at the top and bottom, thus doubling the sur- 
face as comparsd with the last.* 



The whole series is also confined in a wood case, B, which 
may he raised or lowered into the trough, A, containing the acid, 
by means of the windlass, C. E E are small hand-vices con- 
nected with the poles for holding wires, bits of charcoal, etc., 
for deflagration. The exciting liquid is sulphuric acid diluted 
with about thirty or forty parts of water ; where extraordinary 
action ia required the proportion of this acid may be increased- 

The greatest power of this battery is attained soon after the 

* The arrangement of these pistes is aliown in cut at the left Each plitt 

b held firm in its copper b; bits of grooveil nuod archel to tit the copper cue 

ftnll placed at its top and baltam. Between the copper cases are filed this 

Strip* of veneer. These, with the bits of wood just referred 

JvL to, are boiled id a mixture of oil and resin, to render theo 

1 f F H ^hn impervious lo water, and thus improve their insulation. The 

^j^'^W/M connection between the series ia formed as shown at 1 1, a strip 

^/m'if m ofeopperlcadingftvan theoopperoase being Boldersd tea pm- 

Jection on the line of the aeit set The anangement, H B, 

etc. , ta designed loshow the majinerofconverling this battery into aojlorimeWr, 

b7aounectingalllbeoapperuid»naplat«asoastofiirm one conliuaed nirbM. 
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immeraioD of the plates ;* advantage should be taken of this 
fact, and these not suffered to remain too long in the acid, but 
often raised and allowed to air. 

For purposes of decomposition and deflagration, the Trough 
Battery possesses superior advantages, combining both conven- 
ience and efficiency. The expense and skill requisite in their 
construction have caused a quite general substitution of Qrove's 
Battery. Fig. 186 shows a battery of fifty pairs, which, for the 
actual space occupied, exceeds in power all other forms. 

200. The important relations of the galvanic battery to re- 
searches in this department of dectricity, have led us to enter 
thus at length into a description of the principal forms ; we now 
pass to consider further some of the principles which it unfolds. 

201. In every chemical combination the force by which the 
elements are held tttgether is regarded as an electrical force, 
— We have already shown, § 151, that bodies in opposite elec- 
trical states, are attracted to each other. Thus^ if two elements 
of a chemical compound, charged with opposite electricities, are 
brought sufficiently near, these will be attracted and held 
together by a force proportioned to the difference of their elec- 
trical states. Thus, the difference in the electrical states of 
oxygen and hydrogen (the elements of water) is comparatively 
slight ; hence the feeble affinity existing between these, and the 
ease wilh which they are separated when united to form water. 
Oxygen and potassium (the elements of potash), on the other 
hand, differ widely in these respects ; the former being at the 
extreme of the electro-negative, and the latter at the extreme 

* This battery should be wet up with an extremely weak solution some time 
prerioiis to use, and additional strength gi^en to this when wanted for action. 
AU contact of the plates, or communication between these, by means of straws, 
etc., should be carefully aToided, as by such neglect the power of the battery 
is oftentimes wholly defeated. 



In case of decomposition or deflagration, what is said of the Trough Battery T 
By what force is it supposed that the elements of a chemical compound are 
held together T With what proportional force are the elements of such united^ 
I. uMrate this in the case of oxygen gns nnd t)4Jta^i<-llnl. 
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of the eleetro-positive elements. As a consequence, tfaege an 
drawn together, and united bj & force superior to that of any 
of tlie biliary oxides, and require for their separatioo agencies 
of the most intense decomposing energy. Thus, all cliemical 
affinity has been rcgikrded by Faraday and other distinguished 
electricians us simply a modification of electric attraction. 
202. Erperiment. — Let two glass tubes be filled with 
water, reodered slightly salt 
or acid,* and inverted in a 
cell of the aame liquid, orer 
two wires, terminated by 
small strips of platinum, as 
shown by Fig. 187. If, 
now, these wires bo connected 
with the polea of the bat- 
teries, Fig. 184 or 186,t 
small bubbles will be seen to 
escape rapidly from the plati- 
num strips, rising and dia- 
placing the water of the 
tubes ; the tube A connect- 
ed with the n^ative pole 
a of the battery, containii^ 

at any time about twice the 
volume of gas found in the 
tube, o, connected with the positive pole of the same. Pla"" 
corks in these, and invert. If a lighted taper be now applied 
to the mouth of the tube, k, the gas will bum with a dull flame, 
showing it to be hydrogen ; if the same taper be extingoisbea, 

* These inoTtnae the power of the liquid \a conduct eleelricity, sod lbcn^7 
bciliMte its dGODmpoaitkiii. 

t A large-aized Suipbite of Copper BMtery, Fig. 188, mey Im wlTantagtoti^ 
cDiploriid, b; iDterpaaing the Tibnting Shocker, fig. 226, bttireen it u>d thi 
DecompoBiag Cell. 

lowma, the elemMiteofwhich wMeriacomposcd beseptmttilT 
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eicoept a Ikigering spark, and placed in the tube, o, it will be 
instantly relighted, proving the presence of oxygen. 

The theory of this decomposition is as follows : By means of 
galvanic action the electrical aflSnity of the two elements for 
each other is overcome ; the hydrogen, the positive element of 
-water, being drawn to the negative pole of the battery, while the 
oxygen, the negative element, passes to the positive pole. By 
this means, moreover, the relative proportions of the elements 
in water and all other chemical compounds are determined, and 
found to be definite and unvarying. Thus, in the case of 
water, as just shown, the proportions are two parts by volnwc 
of hydrogen, combined with one part of oxygen.* 

Experiment a, — In place of the double tubes, as in the 
last experiment, fill, and insert the single tube, h o, causing 
both points to enter its mouth. Connect with the battery : the 
tube will soon be filled with a highly explosive mixture of 
oxygen and hydrogen gases, as may be shown by inverting and 
applying a lighted taper. By such an explosion the gases will 
unite, and again form water. 

In these experiments the volume of gas liberated is in exact 
proportion to the quantity of electricity passing through the 
liquid. This decomposing cell is hence termed a Volta-scope^ 
or measure of electricity, f 

208. In this decomposition of water by galvanic action, 90 
in that of other chemical compounds, the process by which the 
elements are simultaneously evolved at the poles of the battery 
is supposed to be briefly as follows : 

* Thft simple or elementary sabstanceB, of whioh matter in its almost infinite 
variety of forms is oomposed, are supposed to be only about sixty ; jbrty-eight 
of these are metallic and tweWe non-metallic substances. 

t In the decomposition of liquids, regard most be paid to the quantity of 
these. A small battery will act only on a proportionably small amount of 
liquid. Ignorance of this ftct often occasions failures in the use of the De- 
composing Cell, Fig. 187. 



What proportions do oxygen and hydrogen unite to form water T Theory of 
the decomposition of water by the galvanic current ? 

20 
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Each atom of water, for instance, is composed of two ele- 
ments, oxjgen and hydrogen. Now, suppose a series of these 
atoms to lie between the battery poles ; that atom at the extrem- 
ity of the series next the positive pole, for instance, will be 
decomposed, its oxygen being drawn to, and evolved at, this 
pole, while its hydrogen^ being repelled from this, and attracted 
toward the opposite n^ative pole, will force along the hydro- 
gen of the 7iext adjoining atom, and unite with its oxygen, 
while the hydrogen of the next atom in the series will, in Us 
turn, be displaced ; and so a series of decompositions and reoom* 
positions will take place through the whole line, until coming 
to the last, next the negative pole ;' the hydrogen driven off 
from this, having no element with which to combine, is evolved 
in the form of a minute bubble of gas, as shown by Experiment 
§ 202. Thus, no actual transfer, but simply an interchange of 
the elements of the compound, is effected, whereby those at the 
extremities of the series next the galvanic poles are liberated 
and appear. By a similar process of interchange the decom- 
position of the more complex alkaline compounds is produced. 

204. Experiment. — Let the poles of the battery be ter- 
minated by small strips of platinum, placed in a bent tube 
fixed in a stand, as shown by Fig. 188. Pour into this tube 

a solution of sulphate of soda, to 
Fig. 188. ^^^ which has been added a sufficient 

infusion of red cabbage to give to 
it a blue color. Upon the passi^ 
of a current of electricity, the 
blue color will soon be changed to 
red in the arm containing the 
positive pole, and to greeti in the 
one containing the negative pole; 
showing in the former the presence 

State the supposed process of Interchange of elements in the decomposition 
of each atom of water. What change will be effected in an infusion of re«l 
cabbage, through which a galvauic current is made to flow as shown in Fig. l^ ? 
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of aulphuric acid — one of the compound elements of the salt 
— and, in the latter, that of soda, its other compound element. 
Now, reverse the current, and the original color will first be 
restored in each arm of the tube, and then the opposite change 
will occur. 

Experiment a. — Fill the tube. Fig. 188, with a solution 
of iodide of potassium, to which has been added a little starch, 
and send through a galvanic current. The iodine will be freed 
from its combination, and appear at the positive pole, giving 
with the starch an intensely blue color to the liquid in the cell 
containing that pole. 

205. Electro-Metallurgy. — When metallic salts, as sulphate 
of copper, are dissolved in water, and a current of electricity from 
a galvanic battery passed through the solution, such salts are 
decomposed (see $ 195, note) : the oxygen or electro-negative 
element of the base * going to the positive pole, while the 
luetal is deposited on the wire, or other metallic surface at the 
negative pole. If, in this case, proper skill be exercised in 
regulating the electric current, and the consistency of the saline 
solution, the deposit will take place with remarkable evenness 
and regularity, forming what is termed the regufine deposit. 

Experiment, — Connect by soldering, or otherwise, to the 
negative wire (that leading from the zinc plates), 6i a Smees 
Battery, a medal, coin, or other metallic object. Smear the 

* The ba$t is the prinoipal ingredient in a chemical compound, or that with 
which acid£» etc., combine. In this case, oxide of copper (copper rust) forms 
the base, with which sulphuric acid combines to form the salt, sulphate of 
copper. 



What change will be effected in a solution of iodide of potassium ? What is 
the effect of pi\asing a galvanic current through water in which is dissolved a 
metallic salt, om sulphate of copper ? In this case, what is said of the deposit 
of the metal? If proper skill be exercised in regulating the electric current 
and consistency of the solution, how will the metal be deposited on a metallic 
surface? Slate the manner of preparing and arranging the objects on whicb 
a metallic deposit is to be formed. 
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back and oHges with a coating of wax or vamiah, to protect 
thi?8e parts agninst the eSects of galvanic action. Attach to tbe 
end of the otler positive wire a small piece of sheet-copper, and 
then immerse this with the medab, etc., in a solution of sulphate 
of copper, in a glass tnmbler, with the unprotected gnriace next to 
and near the copper. Fig. 189 shows a convenient artuige- 



ment, where three separate medals are being copied by the 
action of tbe same galvanic current. A bright film of pure 
copper will aoon form on the coin or medal ; and, if the action 
be continued for a day or more, the metal will acquire con- 
siderable thickness, and may be removed, when it will be (oxaA 
to present a smooth and perfect transcript of that portion of the 
surface on which it has been deposited. 

Experimettt a. — Form a smooth and perfect mould by im- 
pressing on wax, stearine. or fusible metal when in a plastic state, 
a medal, wood-engraving, or other object. When hard, cover 
this mould with a smooth and delicate coating of plumbago ; * 
connect this with the negative wire of tbe battery, and immerse 
in a solution of sulphate of copper.t aa in the previous experi- 

* The copper wire should be placed carcflilly a rtntnJ the edge of the mmld. 
BO thai tbe deposit, which begiuB at the nite, mftj b« On all sidee aJika. Tt* 
plumtingo loaj be put on wilhadLmel's-hairbruBh. ThUserrM M aeoDdaet- 
ing Burfiice. 

t Pieces of the aulphile of copper ahoald be from time to time placed in lie 
(ombUr, u Uw wlnljon beaomea woak and pale. 
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ment A smooth and firm deposit of copper will, in the course 
of a day or two, be made on the portion covered with the plum- 
bago, and, when removed, will be found to contain all the nice 
irregularities of the original. In this manner duplicates of 
wood-cuts, type, etc., may be obtained, from which impressions 
can be taken fully equal to those of the originals. 

206. By a somewhat similar process, gilding with the precious 
metals is effected ; these being deposited from their solutions on 
metallic surfaces by the same galvanic action.'^ 

Since its discovery by Professor Jacobi, in 1837, Electro- 
Metallurgy has been carried to a wonderful degree of perfection, 
and now holds an important rank among the useful arts. For 
further information upon this interesting subject the reader is 
referred to works especially devoted to this artf 

207. T*he heat evolved by an electric current is in propor- 
tion to the resistance offered to its passage through a body, — 
In respect to their powers of conduction, metals differ widely ; 
thus, while a silver or copper wire will transmit the electric cur- 
rent from a battery freely and without heat, a platiimm or steel 
wire of equal size and length may affi)rd so much resistance as 
to beat and melt or even ignite the wire. 

Experiment. — Place between the poles of a Grove's or a 
Trough Battery, of medium size, one or two feet of number thirty 
steel wire. Upon the passage of the galvanic current, this 

* An improved manner of electro-gilding has been recently deviaed by a 
German, and adopted by a portion of the artists of this city. Instead of the 
battery heretofore employed, the electric current is produced by a magneto- 
electric machine or dry action. By this arrangement the deposit is formed 
with &r greater rapidity than by that of the common battery. 

t Davis' Manual of Magnetism and Walker's Electrotype Manipulations 
may be profitably consulted. 



How may metallic copies of medals, wood-engravings, etc., be fbrmed T 
What is said of the heat evolved by the passage of an electric current through 
a bodyT Po all metals conduct electricity alike? What illustration given of 
this? Stale the experimeut for igniting steel wire. 

20* 
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will become intensely heated, and ignite with brilliant scmtillft- 
tions.* Platinum wire of a larger size may be burned in the 
same manner. 

Experiment a. — Inclose in a small and thin glass tube, 
about one foot in length, a spiral of small steel or platinum 
wire, coiled as close as may be without a contact of the spirals. 
Let the ends project through corks, and connect with the poles 
of the battery, as in the last experiment. The electric current 
will soon heat the wire and tube, so that if the latter rest in a 
small quantity of water, this may be raised even to a boiling 
heat. 

Experimefit b. — Place in the Powder-Ctq}^ Fig. 190, some 

fine powder, and con- 
'*«• ^^- nect its wires with the 

poles of a Sulphate 
of Copper Battery; 
the passage of even a 
feeble current across 
the fine platinum 
wire, which joins their 
ends within the cup, 
will so heat this wire as to explode the powder, f 

The Galvanic Pistol,Y\g. 
191, is provided with an ar- 
rangement similar to that of 
the Powder-Cup in the pre- 
vious experiment Two in- 
sulated wires or poles pass 
through the screw-plug, o, 

* The Uniyersal Discliarger, Fig. 166, Mechanical Electricity* may be con- 
\eniently used for holding these vires. 

t By means of a platina wire passing through the powder of the priming- 
hole, experiment § 166 may be performed by the Galvanic Battery instead of 
the Leyden Jar. 




ng. 191. 




How is the powder ignited in the Powdei^-CupT How may cxplottve ga« 
be fired by the g ilvanic current? 
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upon the under side of the pistol, and are joined at their eztremi 
ties by a platinum wire. 

Experiment c. — Fill this pistol with an explosive mixture, 
aa directed in ^ 143, and, with the cork tightlj inserted, connect 
the wires with a Sulphate of Copper Battery, when the plati- 
num wire will become of a glowing heat,"^. and explode the 
gases, forcing out the cork with a loud report. 

Experiment rf. — Hold in the vices or pincers attached to 
the poles of a Trough-or Grove's Battery two small pointed cyl- 
inders of boxwood charcoal. With the battery at its highest 
point of action, bring these charcoal points together, when a 
spark will pass, and the points become ignited. These may now 
be separated to a greater or less distance, according to the power 
of the battery, and an arch of light of the most intense bril- 
liancy will be formed between the points. The ignition of the 
charcoal in this experiment is independent of the aid from oxy- 
gen gas, as in ordinaiy combustion, since the same light may be 
produced equally well in a vacuum. The cause, however, ap- 
pears to be due to the transfer of the particles of charcoal in a 
state of ignition from the positive to the negative pole. Both 
the quantity and intensity of the galvanic current are to be re- 
garded in this experiment, and hence the larger Uie plates, and 
the more numerous the series, the greater will be the brilliancy 
of the result. 

* In aU gaWanio experiments, where the connections are in part of fine plati- 
num or steel wire» regard should be had to the power of the battery, lest the 
quantity of the galyanio current be so great as to melt or ignite these wires. 
Such experiments are generally best performed by the Sulphate of Copper 
Battery. 



What is said of the light from charcoal points ignited by the OaWanio 
Battery ? In the case of the intense ignition of these charcoal points by a cur> 
rent of galvanism, is the presence of atmospheric air or oxygen gas necessary . 
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' PHYSIOLOGICAL EFFECTS OF GALVASISM. 

208. Whenever any portion of the body of an animai, liv 

ingor recently kilted, is made tofortn a part of ihegalcanit 

circuit, a violent contraction of the muscles of that portion 

takes place. 

The aervcs of eertain animaU form one of the most delicate 
tests knowa of the passage of an electric carrent. As «e have 
already remarked, ^158, it was the twitching of the legs of frogs 
occasioned b; the contact of two difiercDt metals, that first sag- 
gcsted to Galvini those experiments which led to the discovery 
of the wonderful science which bears his name. This BJogalu 
phenomenon may be shown bj the following 

Experiment. — Let two piecra 
"'■■ ^^ of metal, one of silver, S, and 

the other of zinc, Z, be fi:£ed 
in a small block of dry wood, 
as seen in Fig. 192, and let the 
former be so curved as to touch 
the latter, upon a slight pressure 
of the finger, aa shown by the 
figure. Remove the hind legs 
of a large frog, recently killed, 
from the body, so that they shall 
remain joined together, and 
place these between the metals 
BO that one metal shall touch the 
lai^ nerve proceeding from the 
legs, and then die other the mn»- 
cle where the skin has been strip- 
ped off Upon a contact of the 
metals above the block, a galvno- 
ic current will pass, and the legs 

Buta thg flOfeots of golruiini] od the uiimftl ^tem. What ii ssid in ngard 
to the nerrea of certain mimaU I How may the dftota of ^Taniem npon the 
legi of ft frog be ibown T 
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which bang, as indicated by the dotted lines, will instantly un- 
dergo a wonderful contraction, and be drawn up as seen in the 
cut.* 

Experiment a. — Place on a moistened plate of zinc a 
piece of silver or platinum, and on the latter put a leech or 
earth-worm. As often as the animal attempts to leave the silver, 
it will receive a violent shock, as will appear from its sudden 
withdrawal and return to this again. 

Experiment b, — Place a piece of zinc above and one of 
silver below the tongue, when well moistened by saliva. Make 
a contact of these metals thus arranged, and a slight twinge, 
accompanied by a disagreeable metallic taste, will be the result. 
This is due to the oxidation of the zinc and the passage of a 
galvanic current. 

209. By a powerful galvanic battery, convulsions, similar to 
those of the legs of the frog, may be produced on the bodies 
of larger animals and men, soon after death, such as to induce a 
belief that the animal has been restored to life, and is enduring 
the most cruel sufferings. Thus, if the two wires from the 
poles of a large battery be inserted in the ears of an ox or 
sheep, when the head has been removed from the body of the 
animal recently killed, the most surprising convulsions will 
result as often as the galvanic current is made to pass. 
The eyes will be made to open and shut, and roll in their sock- 
ets, as though again endued with vision ; the nostrils will 
vibrate, as in the act of smelling, and the jaws imitate all the 
movements of mastication. The experiments of Dr. Ure, upon 
the body of a muscular, athletic man, who had been hung for 
murder, are truly wonderful. When the galvanic current from 

* DaTis* Manual. 

In Experiment a, why doe8 tbe leech or earth-worm draw back as it touches 
the zinc T What effects may be produced by the action of a powerful battery 
on the bodies of animals recently killed 7 Effects in traversing the head of an 
ox or sheep 7 Experiments of Dr. Ure upon the body of a murderer? 
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a verj powerful battery ivas passed through portions of the 
body, all the motions of life wdre exhibited ; laborious breath> 
ing commenced, the diaphragm rose and fell, the muscles of 
the countenance were simultaneously thrown into fearful action ; 
rage, horror, despair, and ghastly smiles, united their hideous 
expression in the face of the lifeless murderer, while the arms 
and fingers exhibited convulsiye movements, and seemed to 
point to the different spectators, some of whom believed life had 
returned.* 

* Noad'B Eleetrioitj. 
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THERMO-ELECTRICITY. 

210. Professor Seebeck, of Berlin, in 1822, discovered that 
by joining two different metals, possessed of different conduct- 
ing powers of beat, and heating these at the point of junction, 
a current of electricity would be caused to flow from the colder 
to the hotter metal. Electricity thus developed by the agency 
of heat is called TVec/ mo-Electricity. 

211. Experiment, — Let two strips, one of German silver, 
G, and the othei of brass, B, Fig. 193, be brazed together, or 




merely touch each other at one of their extremities, and let 
them be so arranged as to form an acute angle, and have small 
copper wires attached to their free ends, as seen in the figure. 
Upon applying the beat of a spirit-lamp at the point of junc- 
tion, a very perceptible current of electricity will flow from the 
German silver through the brass, whenever the copper wires 
are so connected as to form a complete circuit. The quan- 
tity of the electricity thus set free may be indicated by the 
deflection of the needle of the Galvanometer, Fig. 198, when 
the ends of the wires are made to connect with this instru- 
ment. 

212. Two plates of German silver and antimony, heated, 
at the point of junction, by immersion in oil raised nearly to 
the melting-point of the latter metal, will set free electricity 
in greater quantity than any other combination of metals. 
Different degrees of temperature in the some metal will occa- 



• 

Define Thermo-Electricity. How may this be produced 7 * How may tbe 
qoantity of electrioHy set free by this process be indicated 7 What combination 
•f metals, and how heated, to produce the greatest flow of thermo-electricity 7 
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sion an electric flow from the colder to the warmer portion, 
which may be made perceptible, provided the metal be a poor 
conductor of heat, as in the case of platinum. 

218. A thermo-electric battery of considerable power may 
be constructed, by soldering together alternate plates of German 
silver and brass or antimony, at such an angle as to allow the 
interposition of sheets of pasteboard, to prevent a contact of 
the metals, except at their ends or junctions. Such a batt^y 
is shown in Fig. 194. By the application of heat to sudi a 



series, an electric flow will take place proportioned to the nunn 
ber of the series and the degree of heat. Such an arrange- 
ment, formed by small bars of bismuth and antimony, becomes 
&r more sensitive to the effects of heat than either Uie mer- 
curial or air. thermometer ; so that even the radiant heat from 
the hand brought near one end of these bars, will excite 
sufficient electricity to deflect the needle of a delicate galva- 
nometer several degrees. 

The thermo-electric current thus excited between two dif- 
ferent metals is referred to the difference in their conducting 
power for heat, and to the different orders of crystallization 
to which their particles belong; the laws of crystallization 
being supposed to result from the electrical character of the 
particles. This has not, however, been fully investigated, and 
many points are involved in great obscurity.* 

* Dayis* Manual Magnetiflm. 



Effect of different degrees of temperature in the same metal 7 Hoir may a 
thermo-electric battery be formed? To what causee is the electrio current, 
thus formed, refentid T 
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214. This term is applied to that form of electricity pro- 
duced by certain fishes, as a means of defence, or for the 
capture of their prey. Among these the Gymnotus, the Tor- 
pedo,* and the Silurus, are the most remarkable examples. 
These are each provided with a special set of organs for 
setting free electricity when desired for eflFecting a shock ; and, 
although differing slightly in the form of the arrangement, yet, in 
the principle of their action, these organs are the same in each. 

In the Gymnotus the electric organs consist of long mem- 
braneous structures, extending on each side of the spine from 
the head to the tiiil, and are divided by numerous septa into 
little cells filled with a gelatinous fluid for exciting electric 
action ; thus bearing a striking analogy to the arrangement 
of the Compound Gralvanic Battery. These organs are copiously 
supplied with nerves branching off from the spine, and appear 
to act through the nervous agency, subject to the control of 
the will of the animal ; accordingly, if these nerves be severed, 
all power of the will over this galvanic arrangement ceases, the 
game as over the muscles of a limb when the nerves supply- 
ing them are cut. 

215. The Gymnotus, or electric eel, is found in the waters 
of South America, and bears a strong resemblance to the com- 
mon eel of this country ; varying in length from two to five 

* The Torpedo is a flat fish, found along the shores of the Atlantio, varying 
in length from one and one half to four feet. Its electrio organs are two 
in number, and lie one on each side of the head or gills. The electrified sur- 
fiMse of these is very great, equivalent in some instances to a thousand feet of 
coated glass. When taken with a harpoon it sometimes transmits through this 
a severe shock to its captor. 



Define Animal Electricity. What animals evolve this in the greatest 
dflgree? With what are these animals provided? The form of the electric 
organs tf the Gymnotus? With what are these organs provided? Efieotof 
severing these nerves ? Where is the Gymnotus found? 

21 
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feet. Fig. 195 presents views of this animal in two poatiom. 
The lower is a lateial ci*T, and the npper a TJew from atwre. 
When disturbed hy tlie entry of any animal into their watery 



realms, as a home, for iELstance, these fishes glide along near 
or in contact with the bixly of the animal, and ti'ansuiit a 
powerful shock, ivhiuh, if repealed, may succeed in prostrsting ■ 
their victim. HumtwKlt relates seeing a herd of horses driven 

Case of a licrd of hoi'sc- ■le.tji ilwl hy HumboMl T 



THEORY OF MUSCULAR ACTION. 248 

into a pool, where were several of these gymnoti, and attacked 
hy the latter with such vigorous shftks, as soon to be over- 
powered and made to sink powerless in the water; while, at 
the sjime time, the fish appeared to become exhausted as from 
a severe muscular effort. 

A course of ingenious experiments with a Gymnotus was 
made some years since, by Dr. Faraday, whereby he proved the 
complete identity of this animal electricity with that evolved 
by artificial means; producing not only shocks, but decompos- 
ing and magnetic effects, the same as by the ordinary battery. 
In these discharges, the electric fluid passed from the head 
towards the tail ; the former being the positive, and the latter 
the negative extremity of the animal battery: 

216. Muscular action and animal electricity appear to be 
results of the same nervous x>t vital force, both alike requiring 
an expenditure of nervous energy for their production ; so that 
whichever of these effects is produced, a proportional waste of 
the animal system results. 

Leibig has accordingly suggested a theory of muscular action, 
which supposed that the contractile force of the muscles is due 
to a principle set free by the oxidizement of the animal tissues 
by the blood, in the same way that electricity is set free by the 
chemical action of acids on zinc. He supposes that, when 
muscular contraction takes place, the nerves supplying the part 
withdraw their vital protection, and oxidation under the chem- 
ical laws, and the consequent development of force, result. 
A further application of this theory would extend it to the 
electrical organs of fishes, where, by oxidizement of tissues suit- 
ably arranged, electricity itself, instead of muscular force, 
would be eliminated whenever the protecting agency of the 
nervous system was withdrawn.* 

* Davis' Manual 



What did Br. Faraday's experiments upon the Gymnotos prove 7 What ifl 
md in regard to mnscnlar action and animal electridty ? Theory of Leibig. 



244 ANIMAL ELECTRICITY. 

217. During certain diseases of the nervous system the 
human subject has beei# known to emit electric shocks. In 
such cases the nervous energy, as in the Gymnotus, seems 
directed to the production of electrical instead of muscular 
force, as in ordinary states of the system. Free electricity 
is found to be an invariable result of chemical change ; con- 
se(][uently, the animal body, which is subject to constant and 
extensive changes of thia nature, is found to set free large 
quantities of electricity. Now, if in certain abnormal states 
this be subject to the control of the will, acting through the 
nervous agency, as we have supposed, may we not reasonably 
infer that animal electricity exerts in some way an agency for 
producing the mysterious phenomena exhibited in the move- 
ments of inanimate matter in certain relations to the human 
subject ? 

Matteucci found, by experiment, that currents of electricity 
were constintly passing between different parts of the living 
body. Thus, by making a metallic communication between the 
liver and stomach of a live rabbit, he found a powerful galvwiic 
current setting from the one organ towards the other. Hence, 
some distinguished physiologists have been led to ascribe to 
electricity an important agency in digestion, and the secretions 
of the animal body. However this may be, there can be but 
little doubt that electricity plays an important part in the 
economy of the animal system, which science may sooner or 
later unfold more fully to our understanding. 



Cnse in certain diseases of the nervous system 7 Effect of chemioal changes 
in the animal system 7 What did the experiments of Matteucci show 7 What 
agency is ascribed to electricity by some distinguished physiologists? 
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ELECTRO-MAGNETISM. 

218. The inflaence of electricity in communicating Magnetism 
to bars of iron and steel, and also in destroying or reversing the 
polarity of the inagnet, has been known for ages; but not 
until the discovery by Professor Oersted, of Copenhagen, in 1819. 
was the power of an electric current, in giving direction to a 
magnet, or the peculiar reciprocal force between this and the 
magnet, known. 

219. Electric currents exert a magnetic Inflnence at right 
tmgles with the direction of their flow, — If the wire con- 
veying a galvanic. current be made to pass near a nicely bal- 
anced bar-magnet, lying in the same direction, this will be at 
once deflected, and made to take a position at, or approaching 
to, a right angle with the wire. 

Thus, in Fig. 196, let A B represent such a wire, and S N 

a magnetized bar lying directly 
beneath and in the same direc- 
^ tion with the wire. Upon the 
passage of an electric current 
the magnet is at once deflected, 
and tends to a position, s n, at 
right angles with the wire- 
Place the wire aa before, but 
beneath the magnet, and allow 
the electric current to flow 
through it in the same direc- 
tion as when placed above; the 
magnet will be at once reversed, 



fig. 190. 




What is said of former knowledge in respect to the inflaence of the electrio 
eonnent in communicating Magnetism 7 In what direction do electrio currents 
exert their magnetic inflnence 7 State the eflecta of such a current when 
passing along a wire near a nicely balanced bar-magnet lying in the same 
direction. Effect of so bending the wire as to send the cnrrent around the 
magnet? 

21* 
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S Standing where N, and N where S did previously. If the 
wire be bent, so as to convey the current around the magnet 
above and below in opposite directions, these opposite currents 
will exert upon the magnet forces auxiliary rather than antag- 
onistic to each other. 

220. The Galvanometer, Fig. 197, designed for measuring 

the quantity of an electric cur- 
'' ^^' rent, will serve to illustrate this 

more clearly. The instrum^t 
shown in the figure consists of 
a single wire, bent at right 
angles so as to pass above and 
below a nicely balanced magnet, 
N S ; the point where the parts 
of the wire pass each other near 
C, being insulated by winding 
with a little thread. 

Attach the wires of a galvanic battery to the screw-cups, A 
and B, so that electricity shall flow through only the portion of 
the wire upon the uppw side of the magnet ; this will be de- 
flected to a certain extent. Let the connection now be made at 
A and C, so as to send the current above and below the magnet 
in opposite directions. A much gi*eater deflection than before 
will take place. 

If, instead of a single turn, as in this case, the wire be 
carried several times around the magnet, the magnetic force 
exerted by a current of electricity traversing this will be in- 
creased in proportion to the number of these turns, within 
certain limits. Galvanometers thus constructed are termed 
mvUijjliers, since they serve to increase the power of the elec- 
tric current, and indicate its flow even in the smallest quan- 
ities. 




Design of the Galvanometer, Fig. 197 T Effects of the galvanio flow through 
only the upper side of the wire surrounding it? Through the entire wirt 7 
Effect of the galvanic flow through a wire making several turns about the 
magnet? What are galvanometers thus constructed called, and whj? 
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Pig. 198 shows a commoii form of the GalvBuometer for 
indicating the direction and quantity 
of the galvanic flow. A wire k coiled 
several times about a magnetic needle, 
with its two ends termioatiDg beneath 
the screw-cups. The needle is made 
to stand in a line with the coil when 
acted upon by the earth's magnetism 
alone. Upon the passage of an electric current, this is deflected 
to a greater or less angle, varying with the quantity of the 
Sow ; the amount of these deflections being indicated by a grad- 
uated card pasted on the stand beneath. Thus, by means of 
the Galvanometer properly constructed, currents of electricity, 
by &r too feeble to be detected by ordinary means, may be made - 
to affect sensibly a magnetic needle. 

221. As the magnetic attraction exerted by the earth afiectB 
Dumcwhat the sensitiveness of the needle to electric influences, 
Nofaili devised the Astatic Needle, for obviating this difficulty. 
This is seen in Fig. 199, and consists of two similar magnetic 
needles, placed one above the other ia 
positions the reverse of each other in 
respect to their poles. Thus, its 
directive tendency in respect to the 
earth is neutralized, so as to allow it to 
remain at rest in any position, and so 
rendering the influence of the galvanic 
flow more perceptible. 

222. The poles of a ma^et, as has 
been already shown, observe certain in- 
variable positions, in reference to the 
direction of the electric current. In order to impress on the mem- 
ory these positions, Ampere baa suggested the following formula: 
Let the person suppose himself lying on the wire with ha 

Wlut doM Pig. 198 represmtl Describe the Astntio Needlo. State tht 
IbrmnU of Ampere. 



Il(. 1M. 
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face iowcu'ds the magnet, and the electric current flowing 
from his head toward his feet ; the north pole of the mag- 
net will always be toward the right hand. By bearing in 
mind thia simple rule, the direction of the flow of an electric 
current may be always readily determined, upon observing the 
position of the poles of a magnetic needle ia reference to it 

Thus, from what has been said, it will be seen that, unlike all 
other motive powei-s in nature, electricity •xerts its mimetic 
force laterally^ instead of in the line of its direction. Nor 
does the magnetic pole move either directly towards or directly 
from the conducting wire, but tends to revolvp around it with- 
out changmg its distance. Hence, the force exerted upon the 
magnet must be considered as acting in the direction of a tan- 
gent to the circle in which the magnetic pole would move.* 

In the illustrations we have given, the action of the electric 
current has been exerted alike on both poles of the magnet in 
contrary directions, causing these to assume a state of equi- 
librium in a direction transverse to the path of the eurr^t (»r 
wire conveying it. 

223. If the conducting wire of an electric current be 
made to pass near a single pole of a magnet free to movCj 
this pole will commence a revolution around the wire in a 
direction depending on the course of the cttrrenL — Thus, 
if the north pole of a magnet be presented to a vertical 
wire, thi'ough which a stream of electricity is descending, it 
will, if free to move, revolve about the wire in the direction 
of the hands of a watch. If the current be made to ascend, 
the pole will take an opposite direction. With the south pole 
thus situated, the direction of the motion will be reversed. 

These movements of a single magnetic pole about a oon- 

* Davis' ManuaL 



What 18 said in regard to the direction in which the electric oarrent exerts its 
magnetic force ? Is the direction of this the same as other foroes? State th« 
proposition. DIustrate this. 
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ducting wire may be illustrated by an arrangement shown in 
Fig. 200. A magnetized bar, S N, bent at right angles in its 

middle, rests on an agate, or other in- 
sulating support, at N. A vertical 
wire is fixed in the axis of motion, to 
which the upper pole, S, is so attached 
by a small loop as to allow the magnet 
to revolve freely about it. This wire, 
connecting with the screw-cup, A, 
has its lower extremity resting in a 
small cup, placed upon the hori- 
zontal portion of the magnet. From 
this cup projects a wire, bent so as to 
terminate in a circular cistern of mer- 
cury, open in its centre to allow a revo- 
lution of the magnet, independent of 
any contact with it. With this mer- 
cury-cistern is connected a second 
screw-cup, B. 

Experiment, — Attach the positive 
pole of a galvanic battery at A, and 
the negative at B ; the galvanic current will flow down the ver- 
tical wire, near the upper pole, S, of the magnet, and pass off 
at C, llirough the bent wire and mercury, to B. Thus, as but 
a single pole of the magnet is acted on, it will commence a 
rapid revolution round the conducting wire, in the direction 
and according to principles already stated. 

As action and reaction ($ 20) are always equal, if the con- 
ditions of the magnet and the conductiDg wire in this experiment 
be changed, so that the former ^all be permanent, and the 
latter fi^e to move, upon transmitting a galvanic current 




What does Fig. 200 Ulustrate 7 Explain thifl instrament. How will the 
ptflBagQ. of the electric current along the wire, near the upper pole of the 
magnet, affect it 7 Result of changing the conditions of the wire and magnet 
in this experiment 7 
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Fig. 201. 



through the wire, this will be made to revolve aboat the 
magnet, the same as the magnet about this in the experiment. 
* 224. If a conducting wire, free to move^ be submitted to 
the action of both poles of a magnet, it will move forward 
in dt line between these two poles. 

This may be shown by the arrangement seen in Fig. 201. 

From a small mercury^p, 
at the end of a horizontal 
rod attached to an upright 
post, is suspended a copper 
wire, W, with its lower 
extremity, when at rest, 
just entering a small basia 
of mercury in the stand. 
The wire hangs so as to 
vibrate freely between the 
two poles, N S, of the 
magnet. Two screw-caps 
upon the stand communi- 
cate, one with the cup which supports the wire, and the other 
with the mercury-basin. 

Experiment. — Connect the screw-cups with the battery, so 
as to cause a galvanic current to traverse the wire, W. This 
will be attracted alike by the two poles of the magnet, and as it 
can revolve around neither, owing to the counter attraction of 
the opposite pole, it will be driven forward or backvrard, accord- 
ing to the direction of the current, in a straight line between 
tli0 two forces, to the positions indicated by the dotted lines; 
and, upon leaving the mercury, the circuit will be broken, 
causing the wire to fall by its own weight back again into it, 
so as again to renew the circuit, and be again attracted. Thus, 
a vibratory jnotion of the wire will be maintained as often as it 
becomes the path of the galvanic flow. 




Effect of submitting the conductinf; wire to the action of both poles of i 
magnet ? ExpUin Fig. 201 . Wh j does the wire continne to vibrate T 
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Experiment .a, — A more interesting form of the last exper- 
iment m9y be shown by the 
Revolving Spur- Wheel, 
Fig. 202, where the vi- 
bratory movement is con- 
verted into one of rotation. 




Instead of a wire, as in the 
previous experiment, a 
spur wheel is so suspended 
between the poles of a 
magnet, or electro-magnet, 
that its points shall enter successively a small basin of mercury 
arranged on the stand, as in Fig. 202. 

Thus, during the passage of the galvanic current, each point 
becomes a conductor, and under the influence of the magnetic 
poles is driven forward and out of the mercury, just as 
the next succeeding one enters, and so causing the wheel to 
rotate, on the same principle that the wire in the last exper- 
iment was made to vibrate."* . 

225. If an electric current be made to traverse a coil of 
wire free to move, this coil taill arrange itself at right 
angles with -the poles of the earth, or those of an arti- 
ficial magnet, — As action and reaction between the elec- 
tiic current and magnet are equal, when the latter is perma- 
nent, the wire conveying the former, if free to move, will 
arrange itself at right angles with the polar axis of the 
magnet. 

The position of such a coil, in reference to the earth's 

* As the points sncceflsiyely leare the mercury, and so break the galTanic cir- 
cuit, if in a dark room, sparks will be seen at the point of rupture, and, if these bo 
repeated with sufficient frequency, by an optical illusion the wheel wiU appear 
nearly at rest. If, instead of the spur-wheel, an entire disc of metal be sub 
stitnted, its rcTolution will be the same except more uniform. 



What results when the electric current is made to traverse a coil of wire free 
^o moTe T 
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magnetic poles, may be illustrated by the arrangement aem in 

Fig. 203, and known aa De La Rive's Ring. This consiata of 
a compact coil of insu- 
"'*" lated wire, C, widi its 

tvo ends attached to 
small plates of zinc and 
copper, Z, C. The coil 
with its plates rests in a 
gloss cup, D, into which 
is poured sufiicicnt dilate 
acid, to coyer the plates; 
and the whole is allowed 
to float in a basin of 
vater. The action of the 
acid on the metala viU 
set free a current of elec- 
tricity; and this, flowing 
through the coil, will 

cause it to assume a definite position at right angles nith the 

earth's magnetic axis, as previously stated. 

Thus, the two 6ices of the coil will take opposite polaritia, 

like a magnet. If, while in this condition, the north pole of a 

magnet be presented to the south polar face of the coil, i 

mutual attraction will be exerted, as between the opposite poks 

of two magnets, and vice versa. 

226. The polarity produced in a wire coil by the flow of a 

galvanic current through it may be shown by the RevolvinQ 

Reclangk, Fig. 204. 
Here, a rectangular coil, C, is arranged in a vertical position, 

BO as to revolve fireely on two points between the poles of a V- 

magnet. 

Describe De La RlTe'« Ring. Efient ofa gsliutioflow throngfa tbe coil while 
floating aa the ml«r T While the ring is in this canditioo, what naulls If 
the pole of a mngnet be pnaraited I WhU does the RerolTing RecUDgleBluivt 
How <a this amngsd T 
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""■ •* By means of the Pok- 

Chauger,* at P, the direc- 
tion of the current traversing 
the wire-coil is twice changed 
daring each revolution, and 
thua twice changing the po- 
larity of the coil. Thesu 
changes happen at the mo- 
ment when its oJtis is passing 
hetween the poles of tlie 
magnet, bo that the condition 
of the wire in reference to 
the poles of the magnet 
causes it to undergo a con- 
Btant series of attractions and 
repulsions just at those points 
where force is most needed to 
' give it motion. 
Experiment. — Connect the Bevolving Rectangle, Fig. 
204, with a Sulphate of Copper Battery, and, cause a 
^TsiHC flow through the wire-coil. This will immediately 
commence a rapid revolution, at a speed of from five to tea 
thoosand turns in a minute ; showing the wonderful rapidity 

*ThePole-Chin?tritt>etMdt(iUieMUmft;beUIa«tnteilti7Fig.20e. Thia 
eonaista of two uokll Mmi-cytiDdiual jneon of mlver, B 8, fii«d od the oppo- 
site aidei of tba ftili of motioii. A, but maalated (hmi 
^^^ tlutt and from noh otbir ; to caoh of tlusa Mgmmta 
ii soldered one end of the wire compoeing the ooil. 
The battery wira ftre terminated bj boriioDtal por- 
■ of Battened nlier wire, W W, which pre» 
alight); oDOpporite aides of the pola-ohauger, and must be aoarraDged, that 
the direc^oa of the cnireDt flowing through the ooil shall be rereraed at the 
moment when ile axis it passiog between the polea of the magnet. — (Davit' 
Manual Mag.) 
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with which electricity tmrerses the coil, in twice chan^ng its 
direction during each revolution. 

227. We have already spoken of thermo-eleciricUg, or 
that form evolved by the action of heat on two difierent 
metals (■J 211). This is subject to the same magnetic reac- 
tions as galvanic electricity, which may be illustrated I>j 
the Thermo-Electric Arch, Fig. 206. This consists of a wire 
arch, mounted on a brass pillar, between 
"*■ "*' the poles of a U-magnet. The lower 

or circular portion is of German Hilver, 
the apper of braea or iron. Upon a 
movable stand in front of the brass pil- 
lar is placed a lamp for heating the 
metals. 

Experiment. Apply the heat of a apim- 
lamp to one of Ute junctions of the wires. 
A current of electricity will bo made to 
flow from the German silver to the silrer. 
passing up the heated side of the arch, 
and down the other, thus performing an 
electric circuit through this. This gira 
polarity to the wire, the same as to the 
coil, in Fig. 203, that &ce presented Xi 
the north pole of the magnet acquiring north polarity, and thai 
to the south pole, south polarity. Bepulsitm of these, like 
poles and attraction between the unlike, causes the wire-arch 
to revolve half way round, which brings the other junction 
within the Same; the current is now reversed, and die bifi 
towards the north pole of the magnet acquires north polarity, 
and is again driven through a semi-revolution; thus a con- 
stant reversion of the electric current, flowing through the arch, 
causes it to be alternately repelled and attracted by the mag- 
netic poles, and made to revolve. By placing the lamp on tbo 
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opposite side of Ihe magnet, the direction of the current will be 
ftuch that the south pole of the arch will be presented to tbe 
north pole of the magnet, and no revolution, consequently, is 
produced. 

228. Ampere's Theory of Magnetism. — From these, and 
a great variety of kindred illustrations, Ampere has deduced a 
theory, which supposes all magnetic phenomena to be produced 
by electric currents. Thus, every molecule of a magnet is 
supposed to have a current of electricity perpetually circulating 
around it. The only difference between a magnet and a mere 
bar of iron consisting in the fact that, in the former, electricity 
is in a state of constant action around each ultimate particle of 
iron ; while, in the latter, this is in a quiescent or latent state. 
The resultant of these numerous little circuits in a magnet is 
die same as that of the electric current traversing a wire-coil 
surrounding a bar of iron, as seen in Fig. 208. When the 
currents of electricity in different circuits move in the same 
direction they attract each other ($ 220), and, when in opposite 
directions, they repel. Hence, if the wilike poles of two mag- 
nets be placed end to end, the electric currents of each will be 
found moving the same way ; those of the north pole being but 
a continuation of those of the other, and thus the two poles 
will be drawn together; while, if the ends of like poles be 
presented, the course of the currents traversing each will be in 
opposite directions, and a repulsion will result. A magnetic 
needle tends to arrange itself at right angles with a wire trans- 
mitting an electric current, in order to bring the numerous 
currents circulating around its particles parallel with that of 
the wire. 

229. The maf/netism of the earth is also explained, ac- 
cording to the theory of Ampere, by supposing the existence 



WliAt does Ampere's theory of magoetism suppose? Difference between a 
magnK and a mere bar of iron? What is said of currents of electricity moving 
in the same and in an opposite direction ? Why does a magnetic needle tend 
^0 arrange itself at right angles with the electric current 7 How is the earth's 
magnetism explained by the theory of Ampere? 
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of currents of electricity constantly traversing it near its sur- 
face, from cast to west, in a direction at right angles with a 
line joining the magnetic poles. These currents are regarded 
as thermo-electric, and produced by the action of the son's 
heat in his daily circuit. The action of such a current in 
inducing magnetism, and giving direction to a magnet, may be 
shown by the Teirestricd Helixy Fig. 207. If an electric 

current be made to circulate 
through thip. ooil in the same 
direction as about the earth, its 
action upon a magnetic needle will 
be similar to that of the earth, 
causing the needle, when stand* 
ing directly over the coil, to 
maintain a horizontal position to 
the axis, and to vary from this 
when carried towards the imaginary pole of a sphere, of which 
the coil represents the equator, the same as seen in Fig. 128. 

230. As we have already shown, temporary magnetism may 
be imparted to soft iron, by contact with a magnet ; we come 
now to speak of the manner of effecting the same by electricity. 
If a current of electricity he made to circulate around a 
bar of soft iron^ it will render this magnetic so long as the 
current continues to flow, — The magnetic action of an electric 
current on a bar of iron varies with the number of revolutions 
it performs about this. Thus, a single turn affects the mag* 
netic needle, in Fig. I'OT, much more than the passage of the 
electric current on only one side of this ; so,- by increasing the 
number of the turns of the conducting wire, the power of the 
current, in inducing magnetic properties in the iron, will be 
proportionably increased. 

Experiment, — Let an insulated copper wire, loosely coiled, 



Effect of an eleotrio current flowing around a bar of soft iron ? Efifeot on 
the magnetism of the bar by increasing the number of the turns of the wire? 
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w se«i in Fi^ 208, be made tbe conducting medium of a 
galvanic flow, and pkce within 
it a rod rf' aoft iron. This rod 
will become instantly majjnetic 
BO 900D as connection is mado 
mth the battery, having a 
north and south polarity, like 
a common magnet. Such is 

termed to Electro-Magnet. 

23L Soft iron, in such a position, instantaneously aa]uire3 

and loses its magnetism whenever connection with the battery 

is made and broken. Hardened steel becomes less readily 

magnetic, but retains its magnetism after tbe current ceases to 

flow. 

Experiment. — With a larger and more compact coil or 

helix, magnetic efiects may be produced much more striking. 

Fig. 209 shows such a magnetizing helix. A compact coil of 



insalftted copper wire is mounted on a stand, with its two ends 
i.erminating in tbe bottom of the screw-cups. Connect the 

VSeA on ■oft iraa in ■o:') s padUan ^ Oa hardened at«cl T Eiplua fig. 
22» 
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poles of the battery with the screw-caps upon the stand b»- 
Death, so as to cause the electric cnrretit to traverse the vir&- 
faelix, H, and a rod of sofl iron placed within this will become 
instuDtly powerlullj magnetic. This maj be shown hy attach- 
ing metallic bodies to its ends, as shown in the cut Tbe 
moment the flow of tbe current is interrupted by raising one of 
tlie polar wires of the battery slightly from the screw-cup, the 
iron rod ceases to be a magnet, and the suspended bodies &U. 

232. Tbe wonderful effects of tbe electric current, in devel- 
oping magnetic power in small rods of iron, may be shown by 
the Magnetiz'mg Helix, Fig. 210. This consists of a consider- 
able extent of wire, wound into a compact 

- * coil, with a small hole opening tbrongb the 

il '-'^ centre. 

Experiment. — Connect the ends of the 

Vwire with a battery producing a large flow of 
electricity,* and, with the helix in a per- 
pendicular position, as shown in the out, 
drop through tbe opening a small iron tube 
or rod. This will become strongly m^netic, 
and be sustained within the coil wiihoul 
any visible support, owing to the force with 
which it is drawn towards the middle of the 
coil by the opposite attractions. If the bat- 
tery and helix be of sufficient size, a oon- 
aiderable weight may be suspended, as shown 
by the figure. 

Such a helix, employed by Dr. Page in a 
lecture at the Smithsonian Institute, a few 

* The powsr Of k oommaD Pot Batt«iT ia intafficieot to oaum tUa eiperi- 
ment lo succeed. A batler; of much greater magnetic force, M the Trough 
BMtrj or Qrove'E, Bhoald be emploj'ed. 

Design dT tbe Maguetliing Helix seen Id Rg. 2101 QiTe the eiporiment villi 
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yeara since, was able to raise and suspend, free from any 
contact, a bar of iron whi^h weighed eighty 
rg. m. pounds. 

23S. The induced magnetism of an electric 
current may be again shown by the wire coil, 
B, Fig. 211, and the Bcmi-circles passing wilbin 
this coil. These semi-circlea are of soil iron, 
with faces eyenly fitting to each other, and arc 
provided with strong handles or rings. 

Experiment. — Connect the wires b and a 
with a Sulphate of Copper Battery, and then 
bring together the semi-circles, as shown in the 
<*' figure. These, with a battery of medium size, 
will be held together with a prodigious force, 
sustaining a weight of more than a hundred 
pounds. Af^r breaking the flow 
of the current, they adhere "b-^i*- 
slightly, but, lose entirely their 
magnetism when once separated. 
234. An electro^magitet of great power may 
be made, by bending a round bar of soft iron, 
as shown in Fig. 212, and winding the arms 
with two or three layers of insulated copper 
wire.* When this wire is traveraed by the 
electric current, such a magnet becomes Sir 
ntore powerfol than an ordinary steel magnet 
of equal size. The power of such a magnet 

* The mAgnedo power of the electro-magntt depends on the number of tnnu 
the wire t*b(S kronnd the ter ; thns, \ stdbII magaet, oloeel; wonnd with fine 
copper wire, may be rendered ttx mora powerfol thftn a larger bar looaely wound 
with a coane wire. The ftnner mtgneta are used (br telegraphs, ihooking- 
maehiuM, eto. 




Explain Fig. 211. Oi 
^nat power be formed T 



i the experinent. How m^ an electro-magnet of 



260 BLBCT&O-UAU^IEriC TELBOBAPH. 

nay be shown bj the airangement Been in Fig. 213, irhere 
the electro-magnet ia fixed in a frame, and provided with a 
aemi-circular armature, A, to which the weights to be suepended 



are attached whenever communication ia made with the battery. 
Thia annature will be attracted to the magnet with a fbroe 
euflicifflit to support a surprising weight 

235. Electro- Magnetic Telegraph. — Among the wonderfhl 
triumphs which sdence and art have achieved within the 
past Few years, few hold so important a rank as the Electric 
Telegraph. For half a century previous to ita application by 
FrofesBor Morae, efforts were made from time to time to effect 
distant and rapid communications of thought by meKOS of elec- 
trici^. In the earliest of th^e experimente the commoa 
£Iectric Machine was employed, and afterwards the Oalvanie 



BxpUin FiE- 213. What \a nid of the Electro-Magaetia Telegraph T Whu 
w*M JUti iir produolng tha eleotrio cnrrent in th« earliest eiperimeDt* T 
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Battery. By means of these, decomposition of water and 
various chemical compounds were attempt«d for signals. The 
defli.'Ctioii of the magnetic needle was afterwards suggested by 
Ampere, and, in 1837, introduced ioio practice on a large 
scale, by Wheatstone, in England. All these varioua devices 
for telegraphing, by means of electricity, yielded, however, to 
the beautiful simplicity and efficiency of the American Electro- 
Magnetic Telegraph, which is claimed to have been suggested 
by Dr. Charles T. Jackson and Professor Morse, in 1832, but 
was matured and practiatUy introduced by the latter, between 
Baltimore and Washington, in 1844. 

236. The following descriptioiT of Morse's Telegraph, 
abridged from Davis' Book of the Telegraph, will aid in 
comprehending the general opemtion of this wonderful con- 
trivance. 



Fig. 214 shows the registering portion of the Electro-Mag- 

Whil «(Urw»rd» T What did Ampere BUggat for giying Bignalg T Wliat is 
aid of Mone's discovery ! Dssoribe the parts of Mone'a rcgistcriiig appara- 
Ui, ahown in Fig. 214. 
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netic Telegraph, along with the appendages usually employed. 
M is the electro-magnet, the wires of which connect with the 
two screw-cups, W w, upon the end of the stand.* L is tlie leyer 
playing over the fulcrum, F, having an armature, A, at one 
end, near the poles of the magnet, while, at the other, is a 
blunt point, P, which strikes up against the roll, £, under 
which the strip of paper passes, and so marks it whenever the 
electro-magnet is in operation. This strip of paper, D D, is 
gradually drawn off from the spool, S, by means of two tight 
rollers at T, between which it passes. These rollers are 
moved by a clock-work arrangement beneath, at C, which is 
set in motion by the first movement of th& lever. A bell, seen 
at B, is connected with the lever, so that upon ihe first motion 
communicated by the battery, this is' struck, and a signal thus 
given to the attendant. 

The battery by which the register is worked may be 
twenty, fifty, or a hundred or more miles distant, provided, 
it be of sufficient power, and the wires conveying the elec- 
tric current properly insulated, f These wires are attached to 
the screw-cups, W w, of this register, causing the coil around 
the arm of the magnet, M, to form part of the circuit between 
the two poles of the battery. Thus, whenever the battery 
is in operation, and the circuit between its two poles com- 
plete, the electro-magnet, M, instantly becomes powerfully 
magnetic, and attracts the armature. This causes the point, 
P, to strike up against the paper, and leave a dot or a 
mark, varying in length according to the time the current is 

* This electro-magnet is wound with Tery fine copper wire, and contains 
usually some three thousand feet of this. In this way great power is given to 
the magnet, without rendering it of an inconvenient size. 

t Grove's Battery has been more generally used for working the telegraph; 
about thirty cups being required for a distance of 160 miles. These cups may 
be kept in one compact space, but operate the telegraph more successfully vhen 
distributed along the line. Such batteries will work for about two weeks with- 
out replenishing. Various other forms of batteries are adopted, as Bunsen's 
Charcoal, Danieirs Self-protecting, etc. Telegraphs, in some instances, are taid 
to have been worked by the action of moist earth on metaUio plates buried in it 
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allowed to pass, and the axmature to be attracted. Fig. 215 
Bhows ft more modem and conrenient form of the Telegraph 



Regifiter, and one which is now generally used with Morse's 
lines.* 

* Tha rigna enplojcd bj ProAnar Mane kre the fbHowiiig : Tbeae dots 
and nwrki tre need to reprtMnt the Tuioaa IMten •xpnatiog th« voidi «r 
■eDteooe truumitted : 
ALPHABET. 

nUHKKAU. 



TItii combinktEon of linet and doti ia nrbitntiy, and maj be changed at any 
Udm bj* an agreement between the lelegrapb operatora. 

What it tud of the battery by wbiah tbe ngiMw ia irorkad t 
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The simplicity of the arrangement of the Morse telegraphic 
machines gives them some important advantages over other more 
ingenious and complicated forms described in the subsequent 
pages ; and hence their extensive introduction. Already these 
lines upon this continent extend over an aggregate distance of 
fifty thousand miles, and transmit, with the lightning's speed, 
messages throughout the length and breadth of the land. 

No recent invention has done more than the electric tele- 
graph to smooth the asperities which often exist between sec- 
tions widely remote, and strengthen the bonds of social union; 
and to the discoverers of this wonderful method of communica- 
tion between distant cities, states and continents, civilization 
and Christian philanthropy may look as to important aids in 
their onward progress.* 

Baine's Chemical Telegraph, — This differs from Moree's, 
just described, chiefly in the manner by which the message is 
registered, this being effected by the decomposition of a chemi- 
cal solution spread upon paper, which covers a circular tablet 
This tablet is made to revolve by clock-work, while an iron pen 
or point writes in lines and dots the messages in spiral carves 
upon the paper of the tabletf By means of the machines 
employed with this telegraph, messages may be transmitt^ 
with a rapidity considerably exceeding that of Morse's lines. 

* An ingenious application of the telegraph has been recently made to nil- 
way trains, by means of a battery and registering apparatus placed in tbew. 
A spring extending down from the register and battery bears gently upon lui 
insulated wire, or other metal, laid between the rafls, and thus an eleetrio 
communication is afforded between the tnun and a distant railroad station, or 
between two trains. In this way an alarm may be given to or from a tnm in 
motion at any point on the road. 

t Experienced operators of this as well as Morse's machines oflen dispense 
"with the paper altogether, writing the messages directly out from the sound of 
the clicks upon the plate or cylinder. 

What is the extent of these telegraph lines in this country 7 What reBoIts 
has the invention of the £lectric Telegraph tended to bring about 7 What is 
said of Baine's Chemical Telegraph 7 



J 
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287. ^he Signal-key or Break-piece, Fig. 216, is the 

instrument nsually em- 

**■ * ployed for interrupting 

the current and regulat- 
ing the system of lines 
and dots. This is placed 
near the battery, so as to 
be in the galvanic circuit. 
One wire from the bat- 
tery entering the screw- 
cup, P, while the other 
Bcrew-cup, N. receives the wire of the telegraph which leads to 
the registering apparatus at the remote station. By pressing 
upon the knob attached to the spring, S, a connection is formed 
between P and N, and the electric current allowed to pass to 
the register, from whence it is returned to the battery again by 
a second telegraph wire. Thus the circuit is completed by de- 
pressing the spring, and broken again by the action of this 
when the fingers cease to press upon it. 

288. Instead of a second wire, directly connecting the regis- 
ter and battery, the earth is more generally employed as a con- 
ductor, by connecting the pole of the battery and register with 
a large metallic plate sunk in the ground at each terminus of 
the telegraph. In this case but a single wire is needed.* 

When the distance between the stations is great, the power 
of the electric current, owing to the imperfect insulation of the 

* These wires are more generally carried along lines of railroads, between 
distant points, and are elevated on strong poles above the danger of ordinary 
accident. A glass or stone ware support serves to insulate the wire where it 
rests upon the poles. In Paris, and other European cities, these telegraphic 
wires are enclosed in insulating tubes of gutta-percha, and laid under ground, 
thus rendering them less liable to accident, or to disturbances from changes 
of the atmosphere. 



Use of the Signal-k^ or Break-piece, Fig. 216 7 How is this used in operat- 
ing the register? Is it necessary that there be two wires for completing the 
drcoit between distant stations ? • 

23 
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wires, often becomes too feeble to operate successMly the 
registering apparatus.* To remedy this defect, rrofessor 
^Io^se devised an arrangement called the Receiving Magnet, 
whereby a second battery, placed in the circuit at the dis- 
tant station, is made to operate the register in the same 
manner as the first battery would do at a less distance.^ 

239. House's Printing Telegraph, — This affords one of 
the most remarkable exhibitions of mechanical skill on record, 
and reflects the highest credit upon the inventive genius of Mr. 
Royal E. House, its distinguished, yet modest and unpretend- 
ing discoverer. This telegraph is operated by the agencies of 
electricity and condensed air ; the former being required to 
compose and the latter to print the message transmitted. The 
constituent parts of this telegraph, as presented from an exter- 

*The Hughes' Telegraph is an instroment recently patented by Mr. D&Tid 
£. Hughes, of Kentucky. This, like the House machine, prints the messages, 
employing for this, howeyer, in plaoe of the condensed air, an electro-magnei 
The proprietors of this telegraph claim for it many advantages OTer those pre- 
Tiously inyented. Among these may be stated the following : first, that tiie 
machine prints with greater rapidity, being capable of doing this aff &st as the 
' most expert operator can touch the proper keys of the letter-board. Second, 
that it allows of a self-locking of the machines intermediate between two prin- 
oipal stations, so as to transmit a message direct, as from Washington to Boston. 
Third, that it admits of transmitting messages in all states of the atmosphere. 
And, finally, that messages may be transmitted upon the 9ame wire, in opposite 
directions, at the same moment. With a proper insulation it is said that aaia- 
gle battery will operate these machines at a distance of five thousand miles. 

We have recently examined a telegraphic machine, inrented by Moses G. 
Farmer, Esq., telegraph engineer of this city, which, in point of simplicity 
of operation and cheapness of construction, commends itself most &Torablj to 
our judgment This machine prints plain Roman capitals, and may be oper- 
ated by an inqxperience'l person -^ the only requisite being an ability to read 
and spell. 

t ImproTements in telegraphic apparatus now enable batteries to operate 
at Tery great distances. A project is now on foot fer extending a submarine 
telegraph across the Atlantic Ocean, from Ireland to Newfoundland, a dis- 
tance of 1680 miles. Another telegraphic line is about to be extended from 



What is said of House's Printing Telegraph ? By what agencies openited ? 
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nal viewp are shown by Fig. 217 ; this view can give the 
learner only a very general idea of its construction and oper- 
ation. 

240. The composmg machine is arranged within a mahog- 
any case, C, while the prinling arrangement stands upon this, 
and.bdth are operated by turning a cranV at A, or by a foot- 
power and treadle placed beneath the frame. At the front part 
of the case ia a key-board provided with twenty-eight keys 



resembling those of a piano; on these keys are marked the 
letters of the alphabet and also a dot and a dash. Beneath 
the key-board revolves an insulated iron shaft, surrounding 
which is a cylinder provided with two spiral lines of points 
projecting up from its surface ; this cylinder revolves with the 
iron shaft passing tiirough its centre, by means of a friction 
spring, and when pressed upon by a slight force may be 
stopped, while the shad continues to revolve. 

LondoD, kcrow Uie MeditatTAnean Sea, into Afnca ; tiia to Qreeoe, Con- 
Ituitiliople, India, and so across to Aostrslia. Thus wc may Boon eipeot a 
teltgniphio oommiuiioatioa to be formed with the diatont regions of Asia and 
Fotjneaia, vhereb7 mcBsogeB AaSH be receiTed IVom these opposite quarten 
of the globe in the apMe of a ftv mioMes oc hours at moat. 
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To the end of this cylinder, beneath C, is attached a brass 
break-wheel, having fourteen teeth and as many intervening 
spaces ; upon these teeth strikes a spring, which connects with 
one of the battery-wires leading off to the distant station ; the 
other battery-wire passes from the magnetizing helix in the 
upright cylinder at £, and connects with the iron shaft at the 
end beneath D, thus causing this and the break-wheel to lie in 
the electric circuit. 

As the cylinder revolves, the current is rapidly interrupted 
by the spring and break-wheel, and the electric pulsations 
transmitted and made to give a corresponding revolution to a 
type-wheel of the machine at the remote station. When a key 
is depressed, it catches the pin upon the cylinder, as it comes 
round beneath, and so stops the motion of this until the letter 
upon the remote type-wheel corresponding with that upon the 
key is printed; this is then released, and another key de- 
pressed, which in like manner stops the cylinder until ite 
letter is also printed ; and so the process goes on, the letters of 
the words of the message transmitted being rapidly printed at 
the remote station in plain Soman capitals, at the rate of two 
hundred and fifty or three hundred per minute. 

241. The Printing Machine. — This stands upon the 
mahogany case above the composing apparatus, and is worked 
by a manual power at A, independent of electricity. The 
variety of the parts composing tihis machine will allow of only 
a general description from a single figure, and the brief limits 
here assigned to this subject. 

Below the small dome, at P, is the escapement-wheel. This 
is a steel wheel alwut two inches in diameter, and revolves 
Avith the vertical shaft passing through the circular iron plate, 
by means of a friction arrangement. This escapement-wheel 
may be stopped, w^hile the shaft to which it is attached contin- 
ues to revolve. Upon the lower circumference of this wheel 
are fourteen teeth, corresponding with those upon the break- 
wheel of the composing mjichine : ujpon these teeth play the 
pallets of an escapement, F, having the end of its lever con- 



house's printing telegraph. 269 

nected with the piston-rod of an air-cylinder placed beneath 
the circular plate at F. As this piston-rod moves once back 
and forth, it causes the escapement tO yibrate and allow a tooth 
of the wheel to escape; thus giving to this wheel a motion 
corresponding to that of the break-wheel of the cylinder below. 
Around the circumference of the escapement-wheel, above the 
escapement, are twenty-eight equi-distant jprojections, on which 
are engraved in order the alphabet, a dot, and a dash. This 
wheel, accordingly, advances one letter at each vibration of the 
escapement. 

Within the upright cylinder, at E, is a magnetizing helix 
placed in the electric circuit : in this helix are fixed several 
separate annular electro-magnets, which act upon correspond- 
ing armatures, fixed upon a rod supported at its upper ex- 
tremity by a horizontal spring passing across the elliptical ring, 
N, above the cylinder. As the electric current passes, the an- 
nular magnets within the helix become charged, and draw down 
the armatures and rod ; this opens a valve connecting with the 
upper portion of the rod, and admits the air from an air-cham- 
ber below to the cylinder which works the escapement. Thus, 
with every pulsation of electricity transmitted, an air-valve is 
opened, and a consequent vibration of the escapement and 
advance of the wheel and type is made, corresponding with the 
revolution of the cylinder and break-wheel of the composing 
machine. 

Placed on a pulley, at T, is a coil of paper, on which the 
messages are printed; when the machine is in operation this 
paper strip is drawn off, and passes by a toothed cylinder be- 
tween the coloring-band, S, which revolves about this cylinder 
and the escapement or type wheel. Whenever the type-wheel 
makes a sufficient pause (not less than one tenth of a second), 
by depressing a key of the key-board an eccentric wheel at G, 
through a connecting-rod. draws the toothed cylinder along 
with the paper and coloring-band against the type of the wheel, 
and so impresses a letter on the paper. 

242. If any desired letter on the type-wheel is placed in a 

23* 
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certab position, and a corresponding key of the componng 
machine is depressed, by raising that key and again depressmg 
it, the circuit-wheel at one station and the type-wheel at the 
other station all make a single revolution, which brings the 
letter around to its former position. Any other letter is 
brought to this position by pressing down its key, the circuit 
being broken and closed as many times as there are letters from 
the last one taken to the letter desired. 

Within the dome, at P, revolves the letter-wheel. This has 
painted on its circumference the letters to correspond with thoee 
of the keys below. In transmitting a message, each letter 
printed at the remote station is shown at a small opening in 
the front of this dome, so that, in case from any cause those of 
the keys do not correspond with those of the type-wheel, the 
disagreement is at once shown, and the type-wheel set to cor- 
respond. 

243. In transmitting a message, the machine is set in motion, 
a signal given, and then, with the communication before him, 
the operator commences to play, like a pianist, on his key- 
board, touching in rapid succession those keys marked with tlie 
consecutive letters of the message to be transmitted. On hear- 
ing the signal, the operator at the receiving-station sends back 
the signal, "ready,'' and then the communication is trans- 
mitted. 

The function of the electric current in this machine, together 
with the condensed air, is to preserve equal time in the printing 
and composing machines, that the letters in one may corre- 
spond with the other. The electric pulsations determine the 
number of spaces or letters which the typo-wheel is permitted 
to advance; they must be at least twenty-five per second to 
prevent the printing machine from acting. The intervals of 
time the electric current is allowed to flow unbroken are 
equal, and the number of magnetic pulsations necessary tc 

- ^ - _ _ _ 

Wh.1t is said of the Fire-Alarm or MunicipAl Telegraph T 
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indicate a different succession of letters. are exceedinglj un- 
equal ; from A to B will require one twenty-eighth of a revo- 
lution of the type- wheel, and one magnetic pulsation; from 
A to A an entire revolution of the type-wheel and twenty- 
eight magnetic pulsations. 

The battery for operating this Telegraph is the same with 
that for Morse's Telegraph. 

244. The Fire-Alarm Telegraph. — This may be reck- 
oned among the most ingenious and useful applications of 
Electro-Magnetism yet devised, and is due to the genius and 
skill of Dr. W. F. Channing, of Boston, where it was first 
applied in 1851. 

The design of this Telegraph is to communicate simultane- 
ously to various quarters of the city, or town, an alarm in case 
of fire, riot, or other catastrophe, announcing, at the same time, 
the section in which these dangers exist. In this alarm-arrange- 
ment there are three prominent parts or divisions. First, the 
Central Station^ where the batteries and various instruments 
of communication are placed ; second, the Signal Circuit of 
wires for receiving and transmitting signals between the central 
station and various points ; and, third, the Alarm Circuity by 
which an impulse is sent out from the Central Station to the 
machinery by which the alarm-bells are struck. 

In Boston the city is divided into seven Fire Districts. 
When a fire breaks out in one of these, the watchman or other 
authorized person in that district goes immediately to the 
Signal Box, which he opens with a key, and gives six turns of 
a small crank ; this communicates the danger and the point 
whence it proceeds to the Central Station, from which an alarm 
'is at once struck on the various alarm-bells, corresponding 
with that of the district ; thus the firemen or police are directed 
to the pn^r quarter. Should the fire or other cause of alarm 
be soon subdu^, a signal, " all out,^' may be sent to the Cen- 

The design of this Telegraph 7 The three prominent divisions 7 State the 
manner in which an alarm is given in case of fire or other dHiigor. 
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Pig. 218. 



tral Station, and the intelligence be immediatelj giyen tliroa^ 
the same alarm-bells. 

The wires communicating with the signal stations and the 
alarm-bells pass on insulating supports above the buildings, 
free from danger of injury. The striking arrangement is 
similar to that of a common town-clock, and is set in moticm 
by an electro-magnet worked by the battery at tibe Central 
Station, and a second local battery. 

The utility of the Municipal Alarm-Telegraph has been 

fully tested in most of the laige 
cities both in this country and Eu- 
rope, and found to equal the most 
sanguine expectations of its project- 
ors. A full and complete description 
of this Telegraph, from the pen of 
Dr. Channing. will be found in the 
American Journal of Science, vol. 
xiri., Second Series. 

245. For illustrating the manner in 
which motion and power may be pro- 
duced by the electro-magnetic force, 
a variety of ingenious machines have 
been devised ; a few of these tre will 
describe.* 

The Revolving Armature, Fig. 
218, consists of a bar armature, A, 
arranged to revolve in a horizontal 

* Amonc^ the manafactarers of machines for illostrating the properties of 
Magnetism, Galvanism and Electro-Magnetism, may be mentioned Mr. Danivl 
Davis, junr., of Boston, who has earned an enviable reputation in these depart- 
ments of philosophical manufacturing. Mr. Davis has recently retired, and 
been succeeded by Messrs: Palmer and Hall, who continue the business suc- 
cessfiilly at their rooms, 158 WashingtouTstreet, and well merit the patron- 
age of the scientific public. 




Describe the Revolving Armature. Explain its operation, as given in ilw 
experiment. 
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plane just above the poles of an electro-magnet, fixed in a verti- 
cal position, as seen in the figure. To the axis of motion of 
this armature, at B, is afiBxed a break-piece. This is formed b;^ 
filing ai^a J two opposite sides of the vertical shaft, so that the 
small silver springs at S shall bear upon it during only a. por- 
tion, of its revolution. One of these springs connects with one 
of the Bcrew-cups, and the other, through the wir^ which 
surrounds the arms of the magnet, with the other. 

Experiment. — Upon connecting the poles, C Z, of the battery 
with the screw-cups, an electric current, flowing through the wire, 
strongly charges the magnet. If the armature be now turned 
so as to stand a little inclined from a right angle with the plane 
of the magnet, it will be attracted towards the poles of this ; 
but, on reaching these, the springs will cease to touch the shaft, 
and the current will thus be broken. The attraction of the 
magnet being now destroyed, the momentum of the armature 
will carry it forward little more than quarter of a circle, when 
the springs will again touch, and the electric current again pass, 
causing the magnet once more to act, and drive forward the ar- 
mature. Thus, by a systematic series of breaks and connec- 
tions, great speed and considerable momentum may be acquired. 

246. Fig. 219 is a modification of the 
last instrument, designed for showing 
the effect of rapid motion in blending 
colors. In this the axial shaft revolves 
on a support between the poles of the 
magnet, having the break-piece beneath 
the armature. Upon the end of the shaft 
above is fixed a thin pasteboard disc, upon 
which are painted the seven primary 
colors. 

Experiment, — Connect with the bat- 
tery, and turn the armature away from the 
plane of the magnet, as in the last experi- 
ment, when it will commence a revolutioc 



Vig. 219. 




What does Fig. 219 show? 
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carrying with it the disc so rapidlj aa to cause the seven colors 
to n|)peaF blended in one, tie., a. brownish nhite. 

247. The Reciprocating Armature Engine, Fig. 220, ia aji 



interesting contrivance for showing the reciprocating and rotary 
motion which may be imparted by the electro- magnetic influ- 
ence. Two electro-magnets, M M, are firmly secured in a ver- 
tical position, having their four poles appearing just above the 
small wooden table. Two armatures, A A, connected by a 
brass bar, move on a horizontal axis in such a manner that 
while one is approaching the poles of the magnet over which it 
is placed, tlio other is receding from those of the other mogneL 
The brass bar is connected with one extremity of the horizontal 
beam, B, wliich communicates motion by means of a crank to the 
fly-wheel, W.* Upon the axis of this wheel is a break-piece.f 
which regulates the magnetism of the magnets. 

Experiment. — Connect the screw-cups with the battery, 
and the electric current will traverse the wires of each magnet, 
causing them to become alternately charged, and attract the 

• By stlaclimeiiM lo the benm, or to the shaft of th« flj-wheel, motion nu^ 
be girea lo n romiature sair-mill, or other sniuiiiig contriiancea. 
t Davia' MaouaL 

Dworilw the Reciprocating Armatura Engin*. Fig. 220, How does tin 
pawage of the galvanio current give motion lo IhisI 
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armatnres, thu3 communicating a rapid reciprocating motion 
to the beam, and consequently a rotary one to the fly-wheel. 
248. Davenparfs Electro-Engine, r—Yig. 221 is a form 

ng. 221. 




of engine for multiplying the power produced by the revolution 
of the armature before the poles of an electro-magnet. In this, 
the communication between the two poles of the battery is 
through the wire of the magnet, G G, up the pillar for the 
break-piece, and along this to the shaft D, at £, along which it 
passes to a support between the arms of the magnet, where it 
flows down this support, and off upon the other battery-wire. 
The flow of the current is broken by the spring at E, just as 
the armature, F, is moving by the poles of the magnet, similar 
to the machines previously described^ 

A perpetual screw upon the shaft at C plays into the wheel, 
xV, causing this to revolve comparatively slow, but with consid- 
erable power. By a drum fixed upon the shaft, B, motion is 
communicated to other machines. This, in principle, is the 
method by which mechanical power is obtained by the electro- 
magnetic force.* 

* It waa formerly thought that this force might be indefinitely increased, 
and BO nerve as an efficient motive-power for propelling machinery. It is 
foand, however, that the electro-magnetic power does not increase in a corre- 
sponding raUo with the size of the machine and expense of the materials em- 
]»loyed. No Improvements will probably realize for this, motive- force one* 
unticipjited. 
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249. The Revolving Electro- Moffnet, Fig. 222, afibrda an 
instance of rapid motion produced b; 
"■- •*•■ the reciprocal action of a common steel 

magnet and an electro-magnet A 
common U-magnet, placed in a Teitical 
position, has a small, straight bir 
electro-magnet, B, fixed to a vertical 
shaft so as to revolye between ita polee,* 
The ends of the wire of this electro- 
magnet are soldered to two aegments 
on opposite sides of the shaft, inBobiH 
from each other and the shaft. Tw 
small silver springs, connecting wiili 
the screw-cnps at the sides, press alter- 
nately on these segments (see Fig. 
205), ceasing their bearings while the 
electro-magnet is passing by tbeplaneof 
the U-magnet, thus causing the polarity of the former at this 
point to be destroyed, and to be renewed again in a revew 
direction, when the electro- magnet shall have moved nlong 
BO as to.bring the springs again in contact with the segment. 

By this means, the diroction of the current through thevirt, 
and, of course, the polarity of the bar, B, are twice cbuigw 
during each revolution. Thus the position of the two magneB 
to each other is such, that, during the first quarter of the rcTO- 
lution, a mutual repulsion of like poles, and, during the secoiw 
quarter, a mutual attraction of unlike poles, takes plwe^ 
causing the bar and shaft to revolve by the action of four 
conspiring forces. 

* The bearings on whloh these deotro-magnela revdve arc delictU, un >" 
iuKniinent, without ^nper wre, m»j become easily lajnted ud rento* 
inoperative. 

Wlwt does the ReTolTing Eleotro-Hagnet illnstrate I Describe the pi^* '^ 
thi». Stata the diractioD ot the flow of the gnlvnnio current throngk Ih" •*" 
iionUl bar annMora daring its rsTolutbn. How doe» tbis change of ihefc" 
of the ourreot act to pye motion to the armature ? 
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Experiment. — Connect the screw-ctips of the Revolving 
Electro-Mjignet with a Sulphate of Copper Battery, and turn 
the bar, B, slightly from the plane of the U-magnet, when an 
electric current will pass through the wire and springs, between 
the two poles of the battery, causing the bar and shaft to re- 
volve with surprising velocity.* 

An ingenious modification of this 
instrument has a bell arranorenient at- 
tached, as shown in Fig. 223, whereby 
the rate of revolution of the bar and 
shaft may be accurately measured 
' 260. Wires conducting electric 
currents y if free to move, attract each 
other wheti the currents are moving 
in the same, and repel each other 
when moving in the opposite direc- 
tion. — We have seen ($ 151) that 
bodies charged alike* with electricity 
at rest, repel, while, charged unlike, 
they attract each other. Such is not 
the case with electricity in motion^ 
since currents of the same electric- 
ity, moving in the same direction, 
attract each other. 




* Th«8e deotro-magnetio maohines fat showing motion, merely, should be 
worked with a battery of low intensity. The Snlphate of Copper Battery is a 
conTenient form. An instanoe, a ftw years since, came to the knowledge of 
the author, where an operator, ignorant of the operations of the galranio bat- 
tery, melted down the springs of the pole-changers of seyeral Taluable 
machines, by connecting with a large trough batteij when in operation. 

Care should be taken to hare the springs of this pole-«hanger press upon 
the segments with just as much force as is neoessaiy to make and cease their 
bearings at the proper points. By a proper adjustment of these springs, the 
bar and shaft may be made instantly to reverse their reyolution by nmply 
changing the polar wiree firom one cup to the other of the battery. 



' What is said of wires conducting electric currents, and free to move? 

24 
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The Contractihg Helix, Fig. 224, will serve to illnstrate 
J. jj, the attractive power of elec- 

tric ciirrenta, moving in the 
same direction. A wire loose- 
ly coiled is supported in a 
vertical position at its upper 
extremity, on the top of a 
brass pillar which connects 
with one of the ecrew-cupe, 
while its lower end jost dips 
in a cup of mercnry, which 
c(»mects with the other screw- 
cnp. « 

Experiment. — CVomect 
the poles of the batteiy with 
the screw-cups, and the elec- 
tric current, traversing each 
coil of the wire in the same 
direction, will cause these .to be drawn together, and the 
helix to become thna shortened; this will lift the lower end 
from the mereury, and interrupt the current, when the helix, by 
ita elastic force, will be again lengthened, and enter the mercury ; 
this will allow the current to pass once more, and contraction will 
again take pkce, and thus a rapid succession of vibrations will 
be kept up so long as the current from the battery is allowed to 
pass. Aa the extremity of the wire is lifted from the mercury 
at each contraction a brilliant spark may be seen accompanied 
by a slight report. One end of a bar magnet passed .down 
into the helix, as seen in the cut, will render the vibrations 
much more rapid and energetic** 

251. Whenever an electric current flows throvgh a wire, 
it excites another current in an opposite direction, iti a 

■ Sm that the win don not eiiMr tha maronrjr m Alt m not to b« lifted at- 
tirelj out of it by tba oontnotiDn. 

F.J!)" ' ""'""'^ '•J fleotricity tmveraea the wire of (he CoiHrmJtioK Helii, 
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second wire held near to aiidparallel with it; and. on sud- 
denly inleiTuplitiff the first current, the second or induced 
one instantly reippears in an opposite direction to (he course 
i/jSr^f/o/foiperf.— This proposition may be illustrated by thear- 
mngement atiown' in Fig. 225, known as the Separable Helices. 
This is composed of two helices of insulated wire, fitting one 
vithia the other, but entirely separate. The inner one, F, 
formed of coarse copper wire, is fixed in a vertical position on 

vis- 3SB. 



the base-board ; one of its ends connecting with the screw-cup, 
A, and the other with the rasp, B. The exterior helix, £, is 
composed of a great extent of fine insulated wire, which may be 
lliled off from the inner helix when desired. Its ends are en- 
closed in two brass caps, to which are soldered the extremities 
ot the wire. Attached to these caps are the screw-cups, C and 
D. A bundle of annealed iron wires, G, is placed within the 
inner helix, and may be removed at pleasure. 

Desoribe the ooastruction of the Separable Helioea, Fig. ^3&. QItc the ei- 
perinmt with the Separable Helioes. 
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Experimeni, — Attach one pole of a battery to the screw- 
cup, A, and draw the end of the other over the rasp ; bright 
Bparks will be seen at each interruption of the curr^it, and if 
the metallic handles, H, connecting with the outer helix, be 
grasped by the hands, shocks will be felt in the wrists and arms, 
as the wire is passed along the rasp. 

252. Thus the primary or battery current, which flows 
through the inner helix, induces a secofidary current in the 
outer. This secondary current is momentary in its action, and 
appears only at the opening and closing of the primary circuit 
and is more intense in its effects than this latter. The current 
excited in the outer helix by the closlttg of the primary circuit, 
is called the initial secondary, and that upon the opening of 
this, the terminal secondary. These two currents flow in op- 
posite directions, and always contrary to the course of the pri- 
mary current, as may be shown by the deflection of the needles 
of two delicate galvanometers, placed in the circuit of each current. 

253. The action of the terminal secondary is much more 
intense than that of the initial. This may be shown by con- 
necting the wire of the inner helix, Fig. 225, with a cup of 
mercury instead of the rasp. Upon closing the primary cir- 
cuit, by plunging the end of the wire leading to the battery in 
the mercury, the shock produced by the initial secondary cur- 
rent, thus formed, will be found much less severe than that from 
opening the circuit when the wire is raised from the mercury. 

Experiment, — While the primary current is flowing through 
the inner helix, and the handles are grasped as in the last ex- 
periment, slowly introduce into the vertical opening the bun- 
dle of wires, G. The intensity of the shocks will be greatly 
increased, and, when the ^dres are fairly entered, will often be 
too severe for endurance. 



Explain the flow of the primaiy and secondary eurrents in this experiment 
How do the terminal secondary and initial currents compare in their eflfecta? 
How may this be shown ? What is the effect of introdnoing a bundle of wii<M 
into the inner helix while the galvanic current is flowing through it T 



COUPOUND HAQHET AlfD BLETTROTOME. 281 

These vires become powerfully magnetic, and react on the 
electricities of the tvo coils, so as to incresse the energy of 
their action ; the withdrawiDg of even a single wire from the 
bundle perceptibly affecting the power of the two currents. 
If. instead of the wires, a solid bar of soft iron bo introduced 
into the opening, a similar but less powerful reaction wilt be 
produced. 

254. The shocking or decomposing effects of the secondary 
cnrrent are much greater when the interruptions of the primary 
coirent are frequent. To ensure a rapid succession of breaks 
and contacts various plans have been proposed, as the rasp, al- 
ready mentioned, ratchet, and cog-wheels moved by clock-work, 
etc. None have, however, effected this with greater convenience 
and efficiency than that where an armature moved by a tempo- 
rary magnet is employed. 

255. The Compound Magnet and Electrotome, Fig. 226, 

is one of the most amus- 
^^ ing and efficient instru- 

ments yet devised for 
showing the action of 
these secondary cur- 
rents. Two helices in- 
closing a bundle of 
wires, Bimilar to the ar- 
rangement in Fig. 225, 
are placed in a horizon- 
tal position, and held 
firmly to the base-board 
by two brass bands. The screw-cups, A D, receive the battery 
connections. From A leads a wire, connecting with the band 
which supports the mercury-cup, C, while to D is soldered one 
end of the inner or primary coil, the other end of which is con- 
nected with the band on which is fixed the small mercury-cnp,- 

How do frsqnant mterruptioiu of tlie primuj gJijot U» nclioii of th£ 



282 COMPOUND MAGNSr AND ELECTBOTOMB. 

B. The bent wire, W, is arranged to vibrate up and down on 
the horizontal axis, H, while its two points, at B and C, just 
dip into the mercury of these cups. The curved iron rod, R^ 
attached also to II, is bent, so that its lower extremity shall 
approach quite near the inclosed bundle of wires. For regu- 
lating and giving a proper balance to this vibratory arrange- 
ment (which should preponderate slightly towards B and C), a 
small ball, b, is made movable on a wire screw attached to the 
axis. To E F are soldered the ends of the wire composing the 
outer helix, to which are attached also metallic handles tot 
receiviuo: shocks. 

Experiment. — Connect A D with the battery, and the 
electric current will traverse the inner coil and the bent wire, 
Vf ; the bundle of inclosed wires will become instantly mag- 
netic, and attract R ; this will lift the points of W, at B and C, 
out of the mercury, and so break the current. The magnetism 
of the bundle of wires, by which R was attracted, being thus 
destroyed, the points will again fall into the mercury, and so 
the flow of the current be renewed, and R again attracted. 
Thus, a series of rapid vibrations, interrupting* the flow of the 
primary or battery current, will produce a violent action of the 
secondary. If shocking-handles attached to E F, as in Fig. 227, 
be now grasped with moistened hands, the shocks will become 
quite intolerable, causing them, by an involuntary contrac- 
tion of the muscles, to clench the handles too firmly to be 
easily released. As the points leave and enter the mercury ia 
B and G, brilliant sparks will be seen, accompanied by sharp 
snaps.* 

256. Experiment. — Place one of the handles, Fig. 226, in a 
^lass basin of water, and let a person grasp the other with o)ie 
hand, while with the other he attempts to remove from the basin 
any object, as a coin. A violent shock will be felt the instant 

* The wire, W, Bhoold be nioely balanced, and the points but just enter the 
mercury. 



Oive the experiment with the Compound Magnet and Kectrotome. 



MAGNETO-BLBCTRICITT. 288 

the fingers touch the water, causing o sudden withdrawal of the 
hand.. This will be rcpeatedas often as the attempt ia mode, 
to the great amusement of the spectators. 

By reinoviug the handles, and in their place attaching to the 
wires small strips of platinum, the various experiments iu de- 
composition of liijuid compounds (^ 202) may be performed 
sa with tlic primary current 

257- JUagnelo-EleclricUy is the name given to electricity 
produced by the action of a magnet. As electricity, flowing 
through a wire surrounding a bar of soft iron, induces magnet- 
ism in it, so, on the contrary, a magnetized bar sets in motion 
a current of electricity in such a wire surrounding it. This 
may he shown, by introducing one of the poles of a powerful 
bar magnet within a helix of 4oe insulated wire, the ends of 
which are connected with a delicate galvanometer. The flow 
of an electric current through the wire will be perceptible, by 
the deflection of the. needle, as the magnet enters and leaves 
the helix, the direction of the current changing with the poles 

Kg. axt. 



258. The Magneto-Electrk Machine, Fig. 227, is a oon- 

WliAt ii Magneto-Electricity T How ia lUi fbrm of deotrid^ prodoocdl 
Dcaoribt the UognelcvElaatrio MftobinG. 
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Tenient arrangement for developing electijcitj bj the reaction 
of a magnet. A bar armature, 6, of soft iron, bent twice at 
right angles, is made to revolve rapidly before the poles, N S, 
of a powerful compound magnet, by means of the multiplying 
wheel, J, which belts off upon a small drum attached to the 
axis of the armature. The arms of this armature are wound 
with a continuous insulated wire, the ends of which are soldered 
to the two segments of a pole-changer attached to the axis as 
in Fig. 204. Two small springs, pressing alternately <^ these 
segments, connect through the wires, e b. with the screw-cups 
at the end of the base-board. 

Upon causing the armature, G, to revolve, as its ends come 
directly before and near to the poles of the magnet, this arma- 
ture becomes itself strongly magnetic. This sets in motion the 
natural electricity of its helices, which flows in a Certain di- 
rection, and 18 conveyed through the springs and wires, to the 
Bcrew-cups. As the armature moves on, when at right angles 
with the plane of the magnet, it loses its previous magnetism, 
and begins to acquire a new charge of an opposite polarity ; 
this excites in the helices a new current in a reverse direction ; 
this, by means of the pole-changer, is turned in the same 
direction as the former current, and conveyed to the screw- 
cups. Thus, the magnetism of the armature is twice changed 
during each revolution, exciting in the helices two electric cur- 
rents, flowing in opposite directions. 

By attaching to the screw-cups the shocking-handle, p n, 
and causing the armature to revolve rapidly, shocks similar to 
those in Experiment, $ 255, may be received. The Magneto- 
Electric Machine has been also successfully empfoyed with the 
Telegraph, and as a substitute for the Gralvanic Battery in Elec- 
tro-Metallurgy. 

^59. Few departments of natural science possess, at present, 
more general interest than those of Gralvanism and Electro- 
Magnetism ; being connected, as they are, so extensively, with 

Explain the maimer in which eleotridtj is produced by this machine. 
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wonderful and important phenomena. The researches and prac- 
tical discoTeries of Faraday, Henry, and others, have done 
much of late to call attention to these sciences, and disclose a 
fruitful field for investigation, as yet but partially and imper- 
fectly explored. 

The applications of galvanic electricity, since it was first dis- 
covered, are of the most yaried and wonderful character. By 
it the telegraph operator can write, with bis iron pen, a letter, 
three thousand miles distant. By it the electrotypist coats the 
most common metals with silver and gold ; by it metals are 
extracted from aqueous solutions and even firom the human 
system. It is employed to plate medallions, busts, jewelry, 
and even the very type which prints the words we write. It 
can produce the most intense and brilliant of artificial lights, 
and, in its blaze, the diamond and the hardest of metals become 
as wax. As a motive power, galvanic electricity has not yet 
succeeded to that extent which promises its introduction to any 
considerable degree in the propelling of machinery. That it 
may not yet be successfully applied for such purposes, we dare 
not in this age of inventions positively say. 

In the previous chapters we have attempted only a brief out- 
line of these subjects, and for more extended information the 
student is referred to Smees' Electro-Metallurgy, and Davis' 
Manual of Magnetism, a thorough and practical treatise, well 
deserving a careful perusal. 



What 18 said of the interest now attached to GaWanism and Electro-Magnet- 
uDi 7 Why this interest? What is said of the applications of gaWanio elec- 
tricity since its discovery 7 Give some iUostrations. What is said of this as a 
motiTe power? 
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LIGHT. 

260. Light is that mysterious physical agent by which the 
eye perceives external objects. Of its essence we know nothing, 
and can only judge of it by the effects which it produces. 

Two prevailing opinions exist in regard to the nature of 
light ; one, known as the Newtonian Theory^ regards it as 
composed of infinitely minute atoms of matter thrown off from 
luminous bodies, and impinging on the organs of vision to pro- 
duce sight, the same as odoriferous effluvia on the nasal organs 
to produce the sense of smell ; the other, called the Undulatory 
theory^ supposes light simply as the result of undulations or 
waves excited by luminous bodies in an exceedingly subtile 
medium called ether, and which traversing this medium pro- 
duces on the eye effects analogous to the vibrations of air on 
the ear in causing sound. =*^ - 

Light moves with a velocity of about 192,000 miles per 
second ; thus requiring only eight minutes and tliirteen seconds 
to pass from the sun to the earth, a distance of ninety-five 
millions of miles. Some idea of its surprising velocity may 
be gained by comparing its rate of motion with the greatest 
speed yet acquired by the locomotive engine (about one mile 
per minute). To traverse the distance passed over by light 
from the sun in eight minutes and thirteen seconds, such a 
body would require nearly one hundred and eighty years. 

261. Self-luminous Bodies or Luminaries, — Such are 

* As the limits of this work do not allow of oonsidering these theories, the 
student is referred to Mailer's Physios, sect ▼. chap. t. ; Bird's Natural 
Philosophy, chap, zxi., and Brewster's Optics, in Lardner's Cyclopedia. 



What is light T What do we know of the nature or essence of light 7 How 
many theories exist in regard to the nature of light T State the Newtonian 
theory. The Undulatory theory. At what Telocity does light Inore? 
How does the speed of light compare with the fastest locomotive T What are 
self-lummous bodice ? 
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the original sources from whence all light proceeds. Of these 
the Bun, a lighted candle, and phosphorescent bodies, are ex- 
amples. Such dispense their light in every direction from 
myriads of luminous points extending over their surfaces, and 
thus render visible the various objects on which their rays may 
fiill. Bodies not self-luminous are either opaque, transparent, 
or translucent. 

Opaque bodies are such as wholly intercept the passage of 
light, and are visible only by the presence of self-luminous 
bodies. Thus, the moon, the planets, and most objects on the 
earth, are opaque, and, when placed between the eye and a 
luminous source, so intercept the light from this as to render it 
invisible. 

262. Transparent bodies are those which affi)rd a passage 
for light su£Sciently free to allow of our seeing distinctly the 
forms of objects placed behind them. These differ in the 
degrees of their transparency. S<Mne^ like thin plate-glass and 
portions of air, which are wholly invisible, are said to be 
perfectly transparent; others, as the better qualities of 
window-glass and most crystals, which are themselves visible, 
yet allow x>bjects to be distinctly seen through them, are called 
transparent^ merely; while those bodies through which ob 
jects are indistinctly seen, as ground-glass, clouds of smoke, 
etc., are said to be semi-transparent. 

Translucent bodies are those which allow a mere glimmer- 
ing of light to pass them, insufficient to show either the color 
or form of an object. Such, for example, are plates of horn 
and colored shell. 

A ray of light is simply the line which light makes in its 
progress through space. A pencil of light is a collection of 
rays diverging from, or converging to a point. When a col- 



OiTe examples. How do these dispense their light? What are opaqae 
bodies T Give examples. What are transparent bodies ? Examples? What 
are translucent bodies? Examples? Define a raj of light A penoU of 
Ugbt 
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lection of n.yv proceed from » lumioons body in parallel linM 
it IB termed a beam of light 

263. Light proceeding from a luminous poiitt moves in 
straight lines so long as the medium which it traverses w 
uniform. — Aa a consequence of this, if an opaque bodj be 
presented to the light &om a luminoua souice, it will intercept 
those rays thrown upon it, and oaat a shadow on the side oppo- 
site the light. The form of the shadow depends on the shapt 
and relative size of the luminous and opaque bodies. Thus, if 
the light proceed from a point or luminary smaller than tho 
opaque body, the shadow will diverge as it recedes from thii 
opaque body ; but if the luminary be larger than the opaque body, 
the shadow will converge, and terminate in a point at a greater 
or less distance from the body. 

264. Shadow and Penumbra. — If the luminous body con- 
siderably exceed in size the opaque, there will be formed, 
beudes the true conver^ng shadow, a half shadow, or pemuo- 
bra, on each side of this, aa seen in Fig. 228. Here S is the 



luminary, and a smaller <qiaque body, behind which is formed 
the true shadow terminating at t. From the space occupied by 
Uiis true shadow the whole of the light frwm S is excluded, b"' 

A beam trf light. How doM light from ■ InminonB body proceed ! Wlut >; 
■«.M of the form of the shulow T What will J>e fbrmed when the Inmiwrj «- 
o«*i in diameter the opaqng bodyT How ii tbe pwambTa prodwxd."'* 
Tiow don It diA»' ftwB the true shadow, u showii by Fig. 228? 
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OD each side of this is a space, P P, which receives a portion 
of the rays f5rom S, and is called the penumbra. Near the 
oatline of the two shadows is quite clearly defined, hut further 
firom this, towards /, they become less distinctly marked, until 
near /, where the true shadow terminates, they become well- 
liigh blended. Beyond the point at t the true shadow ceases, 
and the penumbra goes on, growing wider and more faint, until 
it disappears in the distance. 

265. Tke intensity of light diminishes as the sqtiore of 
the distance from the luminary increases, — Thus, light ob- 
aerves the same laws as gravitation, sound, and other radiant 
forces, varying in intensity with the extent of surface over 
which a given portion spreads itself Accordingly, if a given 
snr&ce, at the distance of one foot from a candle, receive a cer- 
tain number of rays of light, the same surface, removed to a 
distance of two or three feet, would receive four or nine times 
less number of rays. In other words, the ' intensity of the 
illumination at a distance of one foot from a single candle 
would be the same as that from four or nine candles at a dis- 
tance of two or three feet, these numbers being the squares of 
two or three, the supposed distances from the candle. 
. 266. The Photometer ^^ an instrument for comparing the 
intensities of light from different sources, has its action based on 
the above proposition. These are of different forms. Fig. 229 

Hg. 229. 



t-r*u 

* Phaln^ ligbt, and fiiefrofi» % meftrare. 



How does the intensitj of light Arom a Imniiiaiy diminiiih ? Give an iUiis- 
tration of this propoaiUon in the oaM of a candle. What is the Photometer? 

25 
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shows, however, the most simple arrangement of the Pho- 
tometer. A B is a vertical white screen, near to and directly 
in front of which is placed a perpendicular rod, R. From this 
rod two shadows, S, S', are cast on the screen by the candles. G, 
L, these sbadows just touching without overlaying each other, 
and each being illumined bj the light forming the other shadow. 
If, now, a perceptible difference exist in the two shadows, and S, 
formed by G, be the darker, remove the candle, G, further from 
the screen, keeping the shadows in the same position, until both 
be equally illumined. By comparing the squares of the dis- 
tances of the two candles from the screen, when their positions 
are thus changed, the comparative intensities of the lights from 
these may be ascertained. Thus, if L be now 2 and G 3 feet 
from the screen, the intensities of their lights will be to each 
other as 4 to 9. 

267. The intensity of the sun^s light exceeds that frtffn 
any other luminary with which we are acquainted. — The 
illuminating power of a light depends not only on its absolute 
intensity, but also on the extent of the luminous surface from 
which it radiates. Thus, the vast area of the sun, radiating to 
us light from a hemisphere of nearly a million and a half 
square miles, causes the intensity of his illumination to exceed 
by &r the hVht from the brightest artificial lights that c^i be 
formed.* Even the intense brilliancy from charcoal point*.. 
when acted on by the galvanic current, ^ 270, is found inferior 
to that from solar light ; and, accoiding to Dr. Wollaaton, it J 
would require more than 5,500 wax candles, at a distance of one 
foot, to equal the intensity of the sun's light. 

* The light from the muon is found to be ^01 ,072 times less intense than that 
from the sun. Few persons are able from common observation to jadge with 
any degree of accuracy of the comparatiye intensity of the light from diflereot 
luminaries. 



Show from the figure how .the degree* of light from a luminary may be 

measured. What is said of the light from the sun T Why is the light fit)m 

thifl HO intense 7 How does the sun's light compare with the most intense arti- 
fioial lights ? . ^ f 
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KEPLECnON OF LIGHT. 



268. When light falls on aiiy opaque body, a portion of it is 
absorbed, and the remainder turned back or reflected from the 
surface of the body. The amount and direction of this reflected 
light depend on the nature of the surface on which the light 
falls. If tlic body have a regular and highly-polished surfiice, 
uearly all the light will be reflected in a certain definite order ; 
but if its surface be irregular and unpolished, only a small por- 
tion will be thrown back, and that in the most irregular and 
confused manner. The former is an instance of regular, and the 
latter of irregular reflection. It is hy the irregular reflection of 
light that most objects in nature become visible ; and since tliis ia 
thrown off, in all directions, from the irregular surfaces of ma- 
terial bodies, it renders luminous and visible those not reached 
by the direct light from luminaries.* 

269. Whefi light falls an a plane and polished surface, 
us a mirror, it follows the same laws of reflection as solids 
(5 21), its angles of incidence and reflection being equal. — 
Let i n, Fig- 230, be the direction of an incident ray of light, 

falling on the mirror, m w», and 
"<■»*■ « r its course when reflected 

from this. Upon drawing a 
perpendicular, P m, to the plane 
at the point of reflection, it will 
be found that the angle of 
incidence, t n P, is precisely 
equal to that of reflection, r n P. 

'[tiathtrefleotion and rcfnetiAiof thetun'a ligbt bj the Atmoepbere and 
th« tktdiea which are Bugpended in it that produoea the agreeable twilight, 
and BO csDMe the tnuieitlonB ft-om dny to night, and trom night to day, to be 

What iB iaid of light which Cilla on an opaqae bodjT What is u iiwtane* 
of regalar refleotioa of lighlT Of irr^nlor raBection T Haw do most otijeets 
in nature become lieibleT What laws doea light reflected from n plane bui^m 
fellow T Ecpl^n Fig. 280. 
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This Bame law holds good in regard to every fimn of gnr&ee, 
carves aa veil as plaiiea, since the former may be saj^iceed 
formed from an infinite number of minate plan^. 

270. Rays of liylu falling on a plane mirror are rejlecltd 
from it at the same angle as tftey approached it, and ap- 
pear to proceed from points just as far behind thf vtimr 
as those from which they isstied were before it. — This is in 
acccffdance with the proposition previously stated, and may be 
iUiutntod by Fig. 231. Let M M be a plane and polished mir- 



ror, on ifhich are incident the parallel rays, P F, the dive> 
gent, D, and the convergent rays, c c c. The first arareflecUd 
back tap p' parallel ; the second, diverging from D, are throim 
back at the same angle to d d d, and t^pear as if dlvergi>i| 
from D', a point behind the mirror; the third, converging from 
c c c, are reflected, converging to the point C, as thooj^ coin- 
ing ficom d d c, behind the mirror.* 

271. If the object form an angle with the mirror, it «"» 
form double that angle with its imaye. — Let A B be a 

• Mirrors nre nfleoCora formed bj ooMiiig the baoks of poliibed gl«" ^»''' 
with « britlluit amalgam of tio and qalckatlrer, while ipeoulama are nilaitiiTi 
ni*de fram highly-polished meUla. The latter aSbnl the more per&ot tti^ 
on, being uwil fiir lelescopes and other optical instruments. 

State Propo-iiion 970. Explain Fig. 231. If nn ol.JMt form nn uigl« 
with A „l,„c mirr..r „\ T,\„yt sngle will an image app»« ' 
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ottject inclined to the mirm, M M', Fig. 232, and forming with 
^ 3,j_ it tlio angle B M' M; then 

will the image A' B" be ia- 
olined to the mirror at the 
same angle, B' M' M; the 
sum of these angles, B M' 
B", will be, therefore, the 
sngle which the image makes 
with the object, and double 
the angle which either 
makes with the mirror. 
Accordingly, the image from 
ftn object in a boriaontal position, formed by a mirror inclined 
at an angle of 45°, will appear erect. If the mirror be hori- 
zontal, and the object in a vertical position, tlio image fix)m 
auch object will be inverU^l. Hence it is that the images of 
trees and other objects bordering on a smooth sheet of water 
appear inverted. 

If an object be placed between two plane parallel mirrors, a 
series of objects will be produced, lying on a straight linf> 
drawn through the object perpendicular to the reSector. This 
is seen in rooms having mirrors placed parallel on opposite 
sides of the room, with a lustre or other object suspended be- 
tween them. An interminable range of lustres will appear in 
each mirror, which lose themselves in the distance by reason of 
their faintness. This increased faintness is caused by the 
repeated reflections, which diminish in each successive reflec- 
tion the amount of light, causing the objects to appear to 
recede in the distance.* 

272. If two plane mirrors be inclined towards each other 
at any angle, inures from an object placed between them 
vnU be multiplied according to the degree of the angle. — 



Why do trees nnd other objeols bordering on & smunth sheet of water appear 
inverted T SInle the proposilion, oectiou ^72, in ref, ird to two mirnin inolined 
to each other at 1U17 uiigle. 



KALEIDUSCOPK. 



Thb msj be shown b; the arr&ngcment se^i in Fig. 2S3. 
Let y M, tni H M, be two miirors, forming with each 



other an angle of 90°, and O an object placed between. 
The eye at E will see not only the object at O, but also its 
images at o and a', caused by a. reflection of the rays proceed- 
ing directly from 0. Another ray from O failing on H M, 
will be reflected to V M, from which it will undergo a second 
reflection, and meet the eye, causing a third image at r^'. Thus, 
with the mirror inclined aa in the figure, the eye at E will see, 
besides the object itself, three images &om as many diSerait 
points. It the mirrors be inclined to each other at an angle of 
45°, seven images of will be seen, which, with 0, will be 
arranged at eight angles of a regular octagon, of which the 
point, M, where the mirrors meet, will be the centre. By ^f- 
ing a still greater inclination to the mirrors, the number o' 
images will be proportionably increased ; and, if the angle of 
Inclination be an aliquot part of 360°, the images will benr- 
ranged on the sides of a regular polygon. 

If Um mirrore be plac«d eo aa to Ibrin wHh each other an anj^e of 90°, )io« 
man; inrnges of the object will appear T Kinelined M 46*,hoir niFinyiniiW"' 
Wlian the mirrors aro inclined at an angle irhioh is aa aliquot part of SfitK, 
bow will the imogra be nrranpHl T What optiosi toy acts on thit priodphl 
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Upon this principle rests the coDBtruction of the kaleido' 
scope, ffhich consista simply of tvo pieces of common looking- 
glass, arranged in a tube at a certain angle, between which are 
loosely placed semi-transparent bodies, of various colors, to be 
reflected. 

273. Ctirved Reflectors. — If a segment of a hollow ^hero, 
whose inside surfuce is brightly polished, be cut off hj a piano, 
this segment >viU form a concave mirror. Such a mirror tends 
to collect the lays of light thrown upon it, and bring them to- 
gether. The point where the rays reflected from a concave 
mirror meet is called ihe focus (fire-place) of the mirror. 

Paralltl rays of light faUing on a concave mirror, near 

the axis, are reflected to afocusat a point half way between. 

the vertex and centre of ike sphere descried by the mirror. 

— Let r a r, Fig. 234, be parallel rays proceeding from 

a distant luminary, ns 

the sun, and falling on 

(be spherical concave 
mirror, M M' ; these rays 
will be converged to a 
focoa at F, equidistant 
from the vertex, V, and 
the centre, C, of the 
Eipbere described by the mirror. 

This focus is called the principal focus : when the arc or 
aperture of the mirror exceeds about five or six degrees on each 
si<lc of its asis, the panillel rays falling on the parts without 
tliid ttn.it are converged to a point nearer the mirror than tho 
[ii'iiicipitl fucus, producing an aberration of the reflected light. 
To prevent this, and converge to a single focus all the rays 
that fall on the mirror, those with parabolic curves are am- 
structed. Such are known as burning mirrors. 

WhntUaeoDoa<remurorT Whkt u Budof ra;B of light lUllngoD dconoare 
■lirror ! How will piirallel raya of Ught Cillitig on & conoATe mirror, nenr ila 

r,in. he nSecteil T What ia the point where these pir>iUi'! nya meet nfter n- 
Uwl un chIIi-I ' Wlij sre burning mirron mode with n piinibulic lurKioe? 
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Direrging rays, incident on spherical concaYe mirrors, Kill 
be cont erged to a point further from the mirror than the focoa 
of fMkrallel rays, or tlic principal focus. 

274, Iiiuii/es fanned by concave miirors vny in size and 
posUioa according to the distance of the object from the 
mirror. — Let o i, Pig, 235, be an object situated between the 
„ centre of curvature, C, of 

the mirror, and the pnn- 
cipal focu5, E. The rayg. 
o tn, o », from the p>diit 
o, will, according to princi- 
ples already illustrated, be 
reflected, and intersect U 
O, to form an image of o 
behind C. The rays ftom 
t will in like manner form 
an image of it at I, and so every intermediate point between oi, 
will have its corresponding image between I. 

Thus, by means of a concave mirror, tn m, we may form 
on a screen, pbced beyond the centre of curvature, an inverted 
and enliirged image of the object, n t, lying between it Mid ihe 
principal focus. If, on the other band, I be the object 
Ix-'yond tlie centre of curvature, the rays from it meeting tlie 
mirror will form at o i, an inverted and smaller image. By 
placing the object nearer the mirror, between it and tlic prin- 
cipal focus, an image creel and greatly magnified will appear 
behind the mirror. 

275, The above explanation of the properties of concave 
mirrors cmibles us to undcrBtand the manner in which many 
optical phenomena, which have so astonished the ignorant of 



How wUl diverging rs;g iDcidcnt on & codots mirror be nflectsd I Wbl 
b«aid of imogec formed by eouuve mirrors t [Uustrale thii bj Fig. 2M. 
If I O be the object, where and whit kind of imitgo will be formeJ! 
rthBi wonderful plitnomrn.i does tliis eiplsnation of the propertiea of llicc^Ji- 
eave mirror ajable us lo uider-tand T 
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past ages, are produced. Thus a concave mirror concealed be- 
hind a partition maj be made to throv a magnified image of 
an object, also concealed, through an open door, into an adjoin- 
ing room, upon a aemi-tranaparent screen or cloud of vapor, 
causing it to appear suspended in the air before the eyes of the 
spectators. In tliis waj, hideous images of skulls, daggers, etc., 
may be formed in the air without any visible cause. 

Concave mirrors are used as reflectors for light-bouses, to 
render the light more intense in particular directions. These 
are alao employed as burning mirrors. It wad by means of 
an arrangement of reflectors, forming one huge concave mirror, 
that Arcbimedee vcas enabled to fire the Roman fleet under 
Marcellus, at a considerable distance from the walls of Syiu- 
cuse. 

276. A convex mirror may be formed by polishing the 
exterior surface of a spherical concave mirror. 

Pnrn/M rut/s of light faVxng on a convex mirror are 
made lo diverge as if proceeding from a point behind it. — 
This point is termed 
Be-SM. the imaginary or vir- 

tual focus. Let a, b, 
c, d, e, Fig. 236, bo 
parallel rays, incident 
on a convex mirror, 
whose centre of cur- 
vature is C. These 
rays are reflected in 
the directions a, b', <t, 
g, as though proceeding from a point, P, behind the mirror. 

277. The image formed by a convex m,irror is erect and 



Where arc conciive iDirron owd for aiding UlaminAtioD T What remark- 
able inalanoe of Ihi-ir use aa bamiDg mirrDrsT Hov may a oooTei mirror 
be fbrmedT Stale the praposltian <a regard lo pnrallal rajs falling on a 
oODT ex mirror. Eiplriln thin b; P<g.2S6. How do inuges romied bj comet 
luirroni nppenr, iw shonn in Pig. 237 ? 
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much diminuhed in size.—Ut B I, Fig. 237, be an objoot 
placed before the convex mirror, M M', whose virtual focas ia 



at E, and centre of convergency at C. The rays proceeding 
from B will lie reflected from the convex surface to the ejeat 
E". OS though proceeding from a point, b, behind the mirror; m 
like manner those from I will appear to proceed from », and bo 
of all the intermediate points between B and I, thus presenting an 
imuge smaller, erect, and much noarer the mirror than the object. 

REFRACTION OP LIGHT. 

278. When light passes ob- 
liquely from one medium int» 
another of different density, it 
Hufters a devintion, or change 
of direction, known as refnir.- 
llnii. For instance, let a ra/ 
of liglit, proceeding from »■', Fig- 
238, fiill upon the surface of 
a body of water at S ; instead 
of continuing in a straight hue 
to rf, it is turned aside at S, 

What direction does ■ ny of liglit iHke when pftsaiog from ona mtdiuin 
into another of difterent deosity f What is this ohnnge iu the direction of lb* 
my culled t Illustrate tUia by the pftMigcof aray of light from air into water, 
Ig. 28J'. 
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and moves in the direction of-S r, more nearly in a line with 
P P, the perpendicular to the surface of the liquid at the 
point, S. The angle, P S r', which the ray makes with the 
perpendicular before entering the water, is called the an^le of 
incidence; the angle, P S r, which it forms with this after 
entering it, the angle of refraction ; and rf S r, the angle of 
deviation. Thus, whenever a ray of light passes from a rarer 
into a denser medium, it is bent towards a perpendicular to 
that medium at the point of entry ; but, on the other hand, 
when it passes from a denser into a rarer, as from water into 
air, it is turned /rom this perpendicular. 

279. When a ray of light passes from one medium into 
another of different density^ the angles of incidence and 
refraction sustain to each other a constant ratio, which is ex- 
pressed by their si?ies, — This may be illustrated by Fig. 238, 
\rhere r S is the incident ray passing from air into water, and 
S r the refracted ray. Suppose a circle to be dnwn, inter- 
secting these rays at r' and r; the line r' n, drawn from 
the point of intersection, r", at right angles with the radius S 
P, will be the sine of the incident angle, and r m, drawn from 
the other point of intersection, at right angles with the radius S 
P, the sine of the refracting angle. These sines will vary with 
their respective angles, and of course with the obliquities of the 
incident and refracted rays to the perpendicular, P P. 

Upon the passage of a ray of light from air into water, or 
other medium, these sines will be found to sustain to each other 
a uniform ratio. Thus, in the case of water, the sine of inci- 
dence is J ; that is, / n is ^ of r m, the sine of the refracting 
angle. In the case of glass, | ; of the diamond, g, and so on. 
These fractions denote the refracting power of diflerent media, 



In ibe figare, which is the angle of incidence T Of refraction T What is 
the course of light when passing from a rarer into a denser mediom T When 
a rajr of light passes from one medium into another, of different density, what 
is said of ita angles of incidence and refraction T Explain this by the figure. 
What is the refracting angle tbr water T For gliss 7 For the diamond. 
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and are hence called their indices of re&action. Of tbo 
bodies lueDtioned, the re&Bcting power of the diamond is the 
greatest, SO tanuDg the course of a ray of light incident open 
it from a straight line towaxds the perpendiciUar, as to make 
its sine of refraction only J of the sine of incidence.* 

Inflammable bodies generally possess a much greater nSrw- 
tive power than other substnnces of eqnal density ; htmce it 
was that Sir Isaac Newton was led to suggest tbe inflamma- 
bility of the diamond, long before it was shown by aictual ex- 
periment to be inflammable. 

280. When Ike obliquily of an incident ray, passing 
through a denser medium towards a rarer, is such that tka 
sine of Us refracting angle is equal to radius, it ceases to 
pass out, and is reflected along the sitrface of the denser 
medium. If this angle be greater than that at lehieh the 
sine of the refracting angle equals radius, the ray is reflected 
back into it again. — Let » pencil of diverging rays, pro- 
ceeding fr«D the lominous point, L, Fig. 239, pass with difier 
y^uf, ent obliquities towards the SBT&ce, 

IS' S, of a body of water. The rays, 
L m, and L n, whose sines <^ re- 
r-\ fractiiHi are lees than radios, pan 
! out of the water into the rarer me- 
|! dium, while L O, and L P, angles 
of incidence greater than that at 
which the sine of the angle of re&action equals radius, 
are reflected back &om the surface of the water, as from a 
* An Munaing illoitrktion of Ihe bending of raja of light from a direot liiw, 
when punng from x deoMF iulo ■ r&rer medium, may be gifen by plxnng • 
oent ID a bo«l, lo aa to ba juat hidden ftvm aigbt to • aide obaBrrer. Foot 
Tatar into the bowl ; tba ooia will now become viaibla, and appear above ita 
tma pofitiDn. Fran the aame obom, ponds and riiei* often appear to penont 
on their buika Ie« deep than the; mil; are. Sitch optieal deeeptkoB oeoa- 
donally proTo fittal to liA. 

What la laid or the nfraoting power of the diamond T Newlon'aiuggeMicmin 
re^rd lo (hi.? State the propomHoo, awtion 280, in n^rd te the i^actioa 
of bgbl tnm the ra Ao. ofa denaer mediiun, aa water. Eiplain this bj Fig. 239. 



MIRAGE. 801 

perfect mirror. The angle at and within which this internal 
reflection occurs is called the limiting angle between refraction 
and reflection. 

This, for water, is 48' 28" ; for sulphur, 80*», and for the 
diamond, 23*" 85'. Beyond this limiting angle, the reflection 
is total. Thus, if a wine-glass, nearly filled with water, be 
held up, so as that the surface may be seen from beneath, it 
will appear like a sheet of burnished silver. 

281. Mirage, Fata Morgana, and kindred remarkable atmos- 
pheric phenomena, are produced by the refraction and reflection of 
light, in its passage through, or incidence upon, strata of atmos- 
phere difiering in density and refractive power, according to prin- 
ciples already explained. Thus, in certain states of the atmosphere, 
light passing fix)m an object may proceed at such an obliquity 
as to be reflected from the upper surfiice of a denser stratum, 
and pass by refraction again to the earth. In such case, an 
object situated behind a hill, or below the horizon, may be 
brought to view, and appear suspended in the air, in an erect 
or inverted position. Such phenomena are often seen in great 
splendor in the Straits of Messina, on the deserts of Africa, 
and occasionally on the coasts of England and France,, in the 
evenings of hot autumnal days."* 

282. Lenses. — These are certain forms of transparent 
bodies used for collecting or dispersing the rays of light which 

• Captam Scoreebj and other vojagera in the pohur seas relate seeing many 
remarkable instances of mirage ; as Tessels actually below the horiion appear- 
ing moTing under full sail, and inverted on the sky, etc. Travellers, in pass- 
ing across the heated sands of Africa, are often deceived by an appearance of 
water in the distance. So Tillages ikr remote, and below the horiion, will at 
times appear painted on the sky, both in inverted and direct positions. These 
phenomena may be sometimes imitated by looking at objects over the surfiaoe 
df any heated body, as the boiler of a locomotive, when the objects will appear 
raised, or perhaps inverted. 

What is meant by the limiting angle ? What is said of the reflection of light 
beyond this limiting angle 7 How may this be illustrated T How i0 mirage 
produced T Where is this often seen in great splendor 7 What are lenses 7 

• 26 
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pus throagli them. Fig. 240 {M-esents sectional views of thaw 
CMDmonly employ- 
ed tor optiail jnt' 
poew. The doubk- 
convex lena, A, has 
two conrex tm- 
&cea; the plane- 
convex, B, has one 
ooDTez, and one 
plane eiir£ice: the 
meniscus, C, hu a conrex and a cotmre sor&cc, the corratim 
of tbe fonner exceeding that c€ the latter, so as to produce a 
crescent form ; the double-concave, D, has two concave aarbces ; 
tlie plane-roncave, E, a plane and a concave sur&ce ; and the 
cmicate-eoiiTex, F, a concave and convex snr&ce, the cnrvatore 
of the former exceeding that of the latter. The first three, 
which are thickest at the centre, are called convergent lenaea, 
and serve to collect the rajs of light passing throogh them to a 
focus ; while the last three are termed divergent lenses, and 
act to separate these raja. 

283. Parallel rays incident on a double-convex lens are 
converged to a focus at a distance from the lena, varying milk 
the curvature of its sides. — Let a, b, c, d, e, Fig. 24 1 , lie 
parallel rays incident on the double-convex lens, L' L. In 
passing through 
the lens, these 
laj^ will under- 
go re&actioQ, and 
be converged to 
a point, F, on 
the axis, known 
BS the cqnunOQ 

Wh.t kind, of leiua ar« Bbawn by Pig. 2*0. uid how «r« tiny Ibnoed T 
Hoircl<Hh8fir,tth™elenBB,diflferfro„ihe,art(hreeI Wh«t is slid of pnr- 
.Jl«l n.,. .ncJcl «a . double^^nvei l.na? E.plaio ,|,i, b, fig- ^Jl 
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fiKns. With leases of the same refracting medium this fociu 
-will vary according to the curvature of the sides. 

If the rajs falling on the lens, L' L, be converging, their 
focus will be nearer the surface of the lens than F". If, on the 
other band, thej be divergent, as trom the point, r, the; will 
have their focus at a point, F, farther from the lens, than that 
for panllel rays. 

284. The rays of light traTersing a double-convex lens are 
not all converged to the same point on the axis. This defect is 
remedied in a good degree by having the lens of a parabolic 
form. In the oonmion form of the lens, those rays which pass 
through it neu- its edges are converged to a focus nearer the 
Bur&oe of the lens than those which tmverse it more nearly 
parallel with the axis. Such varying of the focal points for 
rays traversing the lens at different distaiices from the axis, is 
termed the spherical aberration of the lens. To avoid this 
aberration in lenses employed for optical purposes, a meniscus 
(Fig. 240, C) is used «ith the doublo^convex lens, by which - 
the rays are made to converge uniformly to a single point. 

285. Rays falling on a double-concave lens are rendered 
more divergent after than before passing through the lens. 
— The parallel rays, a, b, c, d, e. Fig. 242, foiling on the 

double-concave lens, 
I K«- »o. L L', after passing 

through this, are 
' made to diverge as 

though proceeding 
from the point, c. So 
convergent rays are 
rendered less conver- 
gent, or even parallel. 

How will b« tbe Ibcniof diTarging tni oonTerging nj» inbideot od L' I.T 
Whkt b wd of the raja traTening > doabl^HMnm leot t How ia tbo Kbar- 
ntion of light in lucli cbwo remedied in good part? The Ooane of njt of 
light tniereing a donble-conoaTe leu 1 Exptaln Fig. 212. 
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Thua, the refraction of light b; coouave lenses coireeponGs 
to its reSection by convex mirrors, both being diaperaive in 
their efiecta. So, also, the convex lens and concave mirror 
correspond in their conrerging power over light 

286. Images are formed by lenses in tlie same manner as 
by mirrors.— Jjdt 0', Fig. 243, be an object pkced before 

fif. ita. 



the lens, L L', just without its principal focns, F. The nya 
proceeding from the point, 0, will be converged by the lens, 
and form an image at o; those from 0' will also be converged, 
and form an image at o' ; and so each point between 0' 
will have ite corresponding image between o o'. Thus, an invert>?d 
and magnified image of the object will be formed on a screen 
at o, o', owing to the crossing of the rays, and Uieir divergence 
from the point, F. 

If the object, 0', be brought nearer L L', the image, o 
o', will proportionably recede, and become magnified, so that 
the eye, placed at a favorable point without F, will see an 
image of the object magnified in proportion to its nearness to 
the point, F". 

To wbat does the reftisalion or light bj noaiMit ftnd ooiiTei leoKS eorre- 
spond T Wh&tliBsnidorininges fonn«d bj lenwsT Eiplun the manDerin which 
images are formed by rt doablo-comei lenn, na elioirn bj Pig. -JIS. How will 
the DHunen of the objeot to the lent tSadt its apparent siioT 
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If, in place of the double-convex, a doable-concave lens be 
employed, the image will appear smaller than the object 

Thb wcmderful property of lenses depends upon the appar- 
ent angle under which the object is viewed, the eye seeing the 
object in the direction in which the rays from the object enter 
it; BO that if these rays be converged to it at a large angle, as 
in case of the magnifying lens, the object from which they 
proceed will appear to span the same angle. Hence, the 
shorter the focal distance of a lens, the greater will be its mag- 
nifying power, and vice versa. 

DECOMPOSmOS OP LIGHT. 
287. WkUe solar light is a compound formed by the blend- 
iiy of different colored rays. — This may be proved by passing 
a ray of sunlight through some highly refracting medium, 
whereby the colored raya composing this, and which have 
difierent degrees of refrangibility, shall be separated. The in- 
Btmment commonly employed for this purpose is a triangular 
prism of flint glass, with its three polishc<l sides usually in- 
clined to each other at angles of 60°. 

Experiment. — Through a small opening, 0, Fig. 244, 
allow a ray of light to 
enter a dark room, and 
fidl on a white wall, or 
Boreen at W, where will 
be seen a small round 
qK>t of white light. In- 
terpose now a prism, 
P, and the ray, instead 
of passing in a direct 
line to W, will be re- 
fracted to S S, forming 

If • donbla-ooDoaTC lou be employol, how will the iougs ippearT Upon 
what doea this wonderftil prapert; of lenses depend f What i» wbiM K>l>r 
lightl How nuj tbi* be prated t WhU ii & prum T Eiplua tl^ nuLDoer 
in whtoh & beam cf light lu ly be deoampoMd, u N«ii in Pig. 2M. 
20" 
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between those points an elongated speclnun^ composed of bands 
of seven different colors insensibly passing into each other. 
These seven colors, of which the solar ray is composed, nanicly, 
red, orange, yellow, green, blue, indigo, and violet, will appear 
in the spectrum in the order of their initials ; red being the 
least refracted and lowest, and violet the most refracted and 
highest, in the series of colors. 

Herschel, in his Treatise on Light, thus describes these colors 
formed by the decomposition of a solar ray. *' On viewing the 
spectrum attentively, we perceive that the lowest or least re- 
fracted extremity is a brilliant red, more full and vivid than 
can be produced by any other means,. or than the color of any 
natural substance. This dies away, first into an orange, and 
then passes, by imperceptible gradations, into a fine pale straw 
yellow, which is cj^uickly succeeded by a pure and very intense 
green, which again passes into a blue, at first of less purity, 
being mixed with green, but afterwards, as we trace it upwards, 
deepening into the purest indigo. Meanwhile, the intensity of 
the illumination is diminishing, and in the upper portions of the 
indigo tint it is very feeble, but is still continued beyond, and 
the blue acquires a pallid cast of purplish red, a livid hue 
better seen than described, and which, though not to be ex- 
actly matched by aJiy natural color, approaches most nearly to 
that of a feding violet." 

If these seven colors of the solar spectrum be separately 
submitted to the action of a second prism, they will be re- 
fracted, but undergo no further change of color ; thus showing 
them to be simple or primary colors.* 

* Some ingenious experiments by the eminent optician. Dr. Brewster, go fiir 
towards proving the existence of only tkret primary colors, namely, red, 
yilow, and blue ; the other four colors of the solar speotnim being formed by 
an intermingling of these three. 



Order of the coloi-s of the solar spectrum 7 Which color of the spectrum is 
refmctcd most, and which the least? Describe these different colors. If these 
seven colors be separately submitted to the action of a second prism, can tlu*y 
be further deuumpoMuiI ? 
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288. Bif reuniting these seven primary colors of l/a 
spectrum, while or solar light may be produced. — This niay 
be efiected b; an arrangement seen in Fig. 245' Let the 

various colors of a 

**■ Bolar ray, ilceomposcd 

. bj the prism, P, Ml 

on the double -convex 
V IcBS, V r, by which 

they will be (fonvergwi 

and made to unite at 
I E. If, noff, a screen 

I be held at E, a Bmall 

while jtoinl of sohir 

light will be seen. 

Upon removing the 
screen to r v, the colors of the spectrum will be again seen in 
an inverted order, from that formed at t> r. A concave mirror 
may be substituted for the lens, and the colored rays converged 
to a point with the same result. 

By dividing a circular disk into seven sectors, and painting 
these with colore most nearly approaching the prismatic hues, 
and then causing this disk to revolve rapidly, as in <§ 216, in- 
stead of either color there will be visible only a grayish white, 
caused by the blending of the seven primary colors on the 
retina of the eye. The impossibility of obtaining perfect im- 
itations of the prismatic colors, readers the mingling of arti- 
ficial spectra an impure white. 

289. Achromatic* Lenses. — Light, in its passage through 
dificrent substances, undergoes different degrees of dispersion, 

• t, viihanl, utiffiu, color. 

Result of TcunitiDg Ibese prumatio colonT How maj tbii le^nion be at 
Fecteil, M shown by Fig. 2}&r If a disc on Thioh are painUd tb« mtsd 
primary colore be rapidly revolved, wbftt will be tbe raultT Why canqot a 
pan while be obtained in this case T What ia said of the diipeniOD of liglil 
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or aeparatKHi into its clcmentarj colors. Thus, a ray traTenlng 
a prism o{_fliiti-g\asa will have its red and riolet colors separated 
on a screen twice as wiilely as those of a ray passing tbrongh t 
similar prism of ooim-glass, irhile the refracting power of 
both glasses are very nearly equal Thus we say that ihe 
decomposing or dispersive power of flint-glass is twice aa great 
as that of crown-glass. 

Every simple lens, of whatever substance made, will bare 
a different focus for every different color of which a solar ray 
is composed ; the focus of the red ray lying further from the 
lens than that of tbe violet It is from this cause that the 
images of such lenses appear more or leas impure, or bordered 
with colored odgea, when we look through them at the print 
of a book, for instance. 

Lenses which refract light, without at the some time decvit- 
posing it, arc termed acfuomalic lenses. To prepare such waa 
for many years the desideratum of opticians. Aduonutic 
lenses were at length obtained by combining lenses made of 
different kinds of glass. Such a oombinatloo is seen m Fig. 
246, where a convex lens of croini-glaBS 1* 
'<■■ )"■ united wiUi a concave lens of flmt-glass so 

as to destroy each the dispersive power of 
the other, aod produce no dispersion at all, 
while at the same time the converging power 
of the convex lens is preserved. Thus, the 
light passing through these sufl^ conver- 
gence without dispersion. 
290. The Rainbow is a result of the decomposition of tbe 
solar rays by the drops of rain, and the separation of these 
rays into the elementary colors of which they are composed. 
This consists of a brilliant-colored arch spanning the heavens 

IIIiutrBia thlaby prismiof Bint ukd eniWD glua. Will ft ni^ ho) oM- 
Ttrge all the priinu7 oolon of ft KiUr mj to Um mat fbawl Wlut u* 
AohramfttiaLeowir Haw nu; suoh Imso be made M iMD in Fig. 246 * Ho» 
I. Urt R^nboir «u,irf r Of what don thii oiin«it. u>d »h.« fomiH • 
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fbcQS. With lenaes of the same refracting medium this focui 
will vary according to the curvature of the sides. 

If the rays falling oo the lens, L' L, be converging, their 
fbcDs will be nearer the surface of the lens than F". If, on the 
(Aher hand, they be divergent, as from the pdnt, r, they will 
hare their focus at a point, F, fiirther from the lens, than that 
for parallel rays. 

284. The rays of light traversing a double-convex lens are 
not all converged to the same point on the axis. This defect is 
remedied in a good degree by having the lens of a parabolic 
form. In the common form of the lens, those rays which paas 
through it neu its edges are converged to a focus nearer the 
Bur&ce of the lens than those which (^averse it more nearly 
parallel with the axis. Such varying of the focal points for 
lays traversing the lens at different distances from the axis, is 
termed the spherical aberration of the lens. To avoid this 
^>erTstion in lenses employed for optical purposes, a meniscus 
(Fig. 240, C) Is used ^ith the double-convex lens, by which - 
the rays are made to convi^rge uniformly to a single point. 

285. Rays falling on a double-concave lens are rendered 
more divergent after than before passing through the lens. 
—The parallel rays, a, b, c, d, e, Fig. 242, falling on the 

double-concave lens, 
L L', aAer passing 
through this, ore 
made to diverge as 
though proceeding 
from the point, c. So 
convergent rays are 
rendered less conver- 
gent, or even parallel. 

Hot iritl be the fbcos of diTorging and aanTergiiig r>y> Inaident on L' LT 
Wbat IB Bud of the rajs tnTereing > doable-oonTei lens t Haw U the kber> 
ntion of light iniiicb ousea reuicdied in good partT Tho Ooune of njB of 
light tTkTUTBiug a doublo.ODiicaio Isna T EipUin Fig. 'ii2. 
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after undergoing deoomposition and sufering two re&actiooft 
and one reflection ; each drop, in a vertical ames, tranamitting 
to the ejre a particular color according to its poaiticHi and the 
angle which it makes with the imaginary line passing from the 
son through the eye to the centre of the circle ; thus fcnrming 
a bow of prismatic colors around this line or axis, bounded 
upon the upper side by the red, and upon the under by the 
violet rays (^ 287). 

When the solar rays enter the rain-dn^ from beneath, as 
at V r in the figure, they are refracted to the back of these 
drops as before, but, instead of a single reflection, they saBer 
two rejlectiotts, and emerge from the upper side of the dnqpa, 
presenting to the eye a second bow exterior to the first. The 
order of the colors of this secondary bow will be reversed and 
much &inter than in the primary, owing to the rays having 
undergone two reflections instead of one ; each reflection and 
refraction serving to disperse or absorb a portion of the light, 
and so render the colors less brilliant than in the primary or 
inner bow. 

291. Polarization of Light is that peculiar change which 
light undergoes when reflected from certain sur&ces at partacu- 
lar angles, or when transmitted through certain crystals, as 
Iceland spar. 

If, for example, rays of light fiill on a glass plate blackened 
on its back, so that its surface shall make with these an angle of 
54'' 35', these rays will be reflected according to the usuaj laws. 
But if these reflected rays fall on a second and similar glass 
plate so as to make with its sur&ce also an angle of 54"* 35', they 
will be reflected from this second surface only in certain 
positions of the plate. Thus, if this second plate be revolved so as 
to keep its parallelism at two points in its revolution, it will 



Explain the oourse of the rays of light in prodncing the aeoondAry or outer 
bow. Why are the colors of this seoondiiry . bow less brilliant than those 
of the primary ? What is meant by Polarisation of Light T mostnUe this in 
the case of two glass plates bhuskened at their backs. 
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reflect the light from the first plate as usual, while at two 
other points this reflection will wholljr cease. In this case the 
rays by reflection from the first plate undergo a peculiar modi- 
fication, whereby they deviate frx)m ordinary light in respect 
to their laws of reflection. Such rays of light are said to be 
poiarized. 

292. If we place a crystal of Iceland Spar on the letters of 
a book, for instance, they will appear double, owing to the rayd 
of light in their passage through the crystal having underjgone 
a double refraction; so of other objects viewed through it 
If we examine, through a plate of tourmaline, the two images 
seen through the Iceland Spar, we shall find that both rays 
are polarized ; for, as we turn the tourmaline plate, these rays 
will be transmitted through it only in certain positions of 
its revolution; the images alternately appearing and disap- 
pearing. 

293. Calorific Rays. — Light and heat are separate and inde* 
pendent agents. This may be shown by placing a highly sen- 
sitive thermometer in. the different rays of the solar spectrum 
(^ 287), when it will be found that the yellow ray, which is the 
most luminous, is fiur from being the hottest ray of the solar 
spectrum, while the r^ ray, which yields comparatively little 
light, produces a degree of heat exceeding that of any of the 
other primary rays. 

If the thermometer be carried a little below, and just out 
of the red ray, into the darkened space, it will show a consid- 
erable increase of ])pat, thus proving the presence of a heat- 
ing |ray in solar light, independeht of the luminous principle. 

294. Chemical Action of Solar Light. — The effect of solar 
light, in producing chemical changes in certain substances, has 
been known for ages; but not until within a oomparatively 
recent period were the nature of these changes, and the pre- 
cise munner in which they are effected, known. 

What IS wid of the effisets of loeland Spar on light travendiig it 7 Are light 
•nd heat independent agents ^ How shown to be aitch ? 
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Chlorine and hydrogen gases may be mixed together, and 
kept in a dark roam, for any length of time, without uniting or 
Buflfering the least change; but if, when thus mixed, they 
be exposed to the cleai: light of the sun, they will be made to 
unite rapidly nnd produce an explosion, when a strong pungent 
acid (hydrochloric acid) will result. Solar light also promotes 
the union of the oxygen of air with &e carbon and hydrogen 
of organic substances : hence the darker hue and substantia! 
character of vegetables reared in sunlight compared with Aose 
grown in the shade. 

The chemical eflfects of solar light are most remarkably seen 
in its action on certain salts of silver. Thus, paper coTered 
with a thin coating of chloride of silver — a white salt— rap- 
idly changes its color, and becomes blackened when exposed to 
sunshine ; and if any opaque body, as a leaf, or piece of figured 
lace, be placed upon this paper before exposing it, the portions 
of the paper where the sun's light is intercepted will remftin 
unchanged, leaving an exact copy of the object Upon remo?- 
ing the object, the picture rapidly changes, and the whole sor- 
face of the paper becomes uniformly black. 

Such impressions, made on paper suitably pr^Mured, and then 
by certain subsequent appliances rend^:ed permanent, ocmBti- 
tutes the Photograph or Calotypb art.* 

♦ We have been kindly Airnished with the following modem procees for 

t&king photographs and daguerreotjpes, by Mr. John A. Whipple, of this 

' dty. Mr. Whipple is an artist who has acquired a distingoiabed repotatioa 

by the extraordinary luooeaB which has attteded his efl^nrts as a photognpber 

and daguerreotypist 

Photographt are taken either on glass, or on paper of the finest quality aoJ 
most compact material. The compound spread upon these to fbrm a mrf^fx 
sensitiTC to light is prepared as follows : Collodion, a substance prepared b/ 
dissolving gun-cotton in alcohol and ether (six parts alcohol and eight of 
ether), is mixed with bromine and iodine in the proportion of three grains of 
Iodine and two of bromine to about an ounce of collodion ; this compound is tiiea 
spread evenly on the surikoe of the glass or paper ; the surface, thus prepared, 

Chemical effects of solar light, how shown T What snrfeoes are particularly 
eenaitive to this r In what docs the photographic art consist T 
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296. The Daguerreotype, — This is a process by which 
solar light is made to paint the images of objects on highly pol- 
ished metallic siu&ces, instead of on paper or glass, as in case 
of the calotype just referred to. 

This method of taking pictures is also due*for its success to 
the chemical action of light on surfaces rendered sensitive by a 
delicate covering of iodide, cyanuret of silver, or some odier 
substance easily changed by the presence of sunlight 

When such a surface, properly prepared, is suddenly exposed 
in the camera obscura^ it has speedily impressed on it an 
exact outline image of the object or objects before it; the 
light from the darker {k^rtions of the object, acting less upon 
the sensitive surface, leaves a negative picture of those portions, 
while that from the lighter portions, or from the spaces where 
it is not interrupted, produces a further action, and leaves a 
darker or positive impression. Thus, portraits, artificial views, 
landscapes, etc., are sketched by the solar rays with a pre- 
cision and accuracy far exceeding that from the pencil of the 
most skilful artist. 

In this process, the scene presents only a light and a shade. 
Eflbrts have, however, been made to paint and fix the natural 
colors of objects sketched in the camera. This has been effected 
in part, and is known as the HiUotype process, from the name 
of the discoverer, Mr. Hill. At present these colors are made 
to appear upon the paper or plate, but gradually fade away and 
disappear under the continued action of light and air. That 

IB then immersed in a bath containing a solution of nitrate of siker (thirty 
grains nitrate of sUyer to one ounce water), where it remains until it acquires 
a brownish color, or until the greasy appearance is removed, when it is care- 
fbUy screened from the light, and subsequently placed in the camera-box. 

When the person or other object of which a picture is to be taken is ar- 
ranged at the proper distance, and in a desirable position for forming a suit- 
able image, the slide or screen of the camera-box is suddenly raised, and the 
light from the object allowed to &11 on the sensitive surface. An impercepU- 
ble image wUl be formed in from one-tenth of a second to three minutes, the 

Describe the Daguerreotype process. What is the HiUotype T 

27 
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the efforts now made by the French artista as well as those of 
our own countrj, will soon prove successfxil in rendering per- 
manent the natural colors of objects painted in the camera, we 
cannot doubt. 

Thus, when the delicate expressions of the countenance, the 
minute and varied outline and changing hues of the landscape, 
shall be sketched and painted bj that most perfect of artists, 
the sun ; when thought shall speed its way from contin^it to 
continent, borne with the timeless flight of the lightning, then 
may be realized in some good degree the full force of the 
maxim, " Truth is stranger than fiction." 

time yarying with the degree of light and sensittveDeflB of the snrihoe ; the 
picture la then deTeloped by poaring over the surface of the glass or paper a 
solution of sulphate of iron (copperas), of the strength of 8 or 10 Baame'a 
hydrometer, mixed with about one-third its bulk of acetic acid. To &x the 
picture, the surfaoe is finally washed with a solution of hyposulphate soda, 
when, after drying thoroughly, it is ready for the fmine or case. 

Daguerreotypes may be taken by the following process. Smooth and eren 
plates of sheet copper, cut of the proper form and size, are silvered by galran- 
ism. (See § 205.) This coating of silver is then scoured with a mixtore of 
ammonia, alcohol and rotten -stone, and afterwards receives a bright polish on 
a buff-wheel by means of rouge. ^ It is Uien dipped in a solution of cyanuret 
of silver, and subjected for two or three minutes to the galvanic process, when 
it receives an exceedingly delicate coating of silver ; after rinsing off the re:^- 
due with pure water, and drying over a spirit lamp, it receives a second polish 
on a buff- wheel. This surface is now placed over a vessel, upon which it fits, 
and is exposed to the vapor of iodine until it assumes a color between that of 
lemon and orange ; it is then placed over a second vessel containing bromide 
of lime, heated to 212^ F., until the surfaoe acquires a pink color, after which 
it is again exposed to the vapor of iodine for about one-third the time of the 
first exposure to this. The plate is now ready for the camera-box, in which, 
screened from light, it is placed, and the picture taken, as in the photograph 
process just described. No image appears, however, until the plate has been 
placed over the vapor of mercury, heated to 21^ F., in an iron box, — the 
time of its exposure to this vapor varying from ono-half to three minutes ; 
if exposed too long, the picture will be light and faint ; if for too short a time, 
it will appear too dark. The process of fixing the picture is the same as with 
the photograph. 



What is said of the probability of being able to fix the colors thus taken ? 
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296 The eye is that organ of sense which conveys to the 
mind an image of the external world. Its superior importance 
may be understood^by considering the vast amount of ideas it 
presents to the mind. By it we are enabled to judge with 
great readiness and precision of the magnitudes, forms, motions, 
distances, and positions, of the endless variety of objects which 
come within its scope. The eye is the most perfect of all 
optical instruments, and a knowledge of its structure is neces- 
sary for comprehending those artificial structures which the 
ingenuity of man has devised as aids to vision. 

297. The Structure of the Eye, — The human eye is of a 
form approaching a sphere, and is placed in a bony cavity at 
the side of the upper portion of the nose. This consists of an 
assemblage of lenses so arranged as to concentrate the light 
&om each point of external objects on a delicate tissue of 
nerves called the retina, there forming an image or exact 
representation of the various objects perceived by the mind. 
Fig. 248 presents an enlarged sectional view of the different 
parts which compose the human eye. The outside covering, 

S S S S, is the sclerotic 
coat, a tough white mem- 
brane commonly known as 
the white of the eye. In 
the front of this sclerotic 
coat is a circular transpa- 
rent opening, having a clear, 
homy covering, c c, pro- 
jecting somewhat beyond 
the other portions of the 
eyeball. This is called 

What is nld of the Eye, and what does it oonTey to the mind? What is 
said of it as an optioal- instrument 7 Where is it placed? Of what does il 
oonsistt What is the retina 7 What is the sclerotio coat, and how situated T 



Fig. 24S, 




31t> 8TBUCTU&E OF THB SYB. 

the cornea, and incloseB on one side a small chamber filled 
with a transparent liquid, known as the aqueous humor. The 
form and consistency of this aqueous humor is just what is 
required for aiding in converging the rajs passing through 
it to a focus at the precise point necessary for distinct vision. 

Within this chamber, and partly dividing it, is the iris, 1 1, a 
circular opaque screen or diaphragm, with a round and a{^- 
ently dark opening in its centre, called the pupiL It is the 
iris which determines " the color of the eye," as gray, blue, 
or black, and, by its contraction and expansion, increases or 
diminishes the size of the pupil, and so regulates the quantity 
of light admitted to the retina. In the posterior part of the 
chamber containing the aqueous humor, is the crystalline lens^ 
Zf which is a double-convex lens, exhibiting in its form and 
composition a wonderful contrivance for preventing that spher- 
ical aberration, to which convex lenses are usually subject. 

The cavity, vv vv, behind the crystalline lens, is occupied 
by the vitreous humor, a transparent gelatinous fluid, much 
resembling the white of an egg. Lining the inner sur&ce of 
the selerotic coat, is a dark membraneous substance, a a, called 
the choroid covering, which serves to absorb the light as soon 
as it has acted on the retina, and thus prevents internal reflec- 
tions, and consequent confusion of vision. 

The retina is a delicate network of nerves spreading over 
the choroid sur&ce, and appears to be only an expansion of the 
optic nerve, 7i. It is upon this that the images of exteroa] 
objects are cast, of which an impression is conveyed by the 
optic nerve to the brain. 

298. The images of external objects are inverted on iht 
retina, — The refracting mediums of the eye act on the ra/s 



The cornea T The aqaeoiu hamor 7 What is said of the aqueons hiODort 
What ifl the iris? What is the crystaUine lens, and where BitoatedT What is 
the yitreoufi humor T W^hat is the choroid covering, and its ose 7 Describe thi 
retina. How are the images of external objects formed on the retina 7 
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paflsing through them, similar to a convex lens (<^283), causing 
an inverted image of objects to be formed on tlie retina. Fig. 
249 will serve to show the course of light proceeding from an 
object t*} the eye. These rays are seen to be converged by the 
humors or lenses of the eye, and cross just behind the crystal- 
line lens, so as to form a minute inverted image on the retina. 

This may be shown by taking the eye of an ox, or other 
. large animal recently killed, and removing the posterior portions 
80 as to lay bare the choroid membrane. If the eye, thus pre- 
pared, be fixed in a screen, and a lighted candle be placed before 
it, at the distance of fifteen or twenty inches, a minute inverted 
image of the candle will be seen through the retina, as if pro- 
duced by a double-convex lens on a screen of ground glass, or 
oiled paper. 

299. The eye possesses the remarkable power of adapt- 
ing itself to objects at varying distances. — We have already 
seen that the focus for light of a convex lens is constantly 
changing with the distance of the object and the angle which 
the rays proceeding firom it make when incident on the lens. 
Hence, to preserve the focus at the same distance from the lens, 
it is necessary either to vary its form and power of refiraction, 
or its distance firom the object; 

In the eye, this uniformity of the focal distance is most accu- 
rately preserved by an involuntary change in the convexity 
of the refiracting mediums, thus varying the form of these me- 
diums with the angle of the incident rays, and so causing the 
focus of the light to fall exactly at that point necessary for 
forming a perfect unage on the retina. This power of the 
eye to adapt itself to objects situated at difierent distances from 
it, may be proved by the following 

Experiment. — Let a small black spot be made on a thin 
transparent plate of glass, placed about twelve inches from the 

How may the coarse of light through the eje and the images formed on the 
Tvtina be shown 7 What is said of the power of the eje fbr adapting itself tc 
objects at varying distances? Qive the expelriment illustrating this. 

27* 



eye. If the eye be directed to it, the spot will be seen, aa irell 
US distant objects visible through the glaas. Let the atteniiMi 
be earnestly directed to the black spot, so that a distinct perc^ 
tion of ita form may be produced. The objects risible at i 
dist&uce will then be found to become indistinct. But if the 
attention be directed more to the distant objecte, bo as to ob- 
tain a distinct perception of them, the peroepti«i <rf the hl*i 
Bpot on the glass will become indistinct.* 

300. The apparent size of an object depends on tJte sizt 
of the visual angle under which it appears. — LetAB, 
A' B*, A" B", Fig. 249, be three objects diffiring m thar 



vertical heights, in proportion to their distances from the eye. 
As each subtends the same visual angle, their apparent heiglite 
will be equal. Thus, a small gnat near the eye may cover d« 
same angle and appear equal in size to an eagle at a distaoce. 

301. The eye supplies no direct perception of the mag- 
nitude and distance of objects ; these being determined iy 
nn exercise of the judgment based on experience. — Thns, 
we judge of the height and distance of a church-steepJe, "t 



ITpoii what iom the ftpp«reat die of tn ottjqpt ilepsod ? How doM Fig. ^^ 
■how thii r What a Raid of the eye in reftrence to the ra»gDitude iwl di»" 
Iniice or ohjifisr How do wo judge of the height and diatwice of an J o'^*'' 
as a cburch-slcepla for iasInQoe T 
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tower, by oomparing these with known objects which intervena 
When no such objects stand between Ibe eye and the distant 
body, whereby a comparison may be made, we often err greatly 
in our estimates of these. This is especially true in viewing 
objects on the ocean.* Hence it is, also, that the sun and 
moon appear larger when rising and setting, than when at the 
zenith ; these, at such positions, being compared with the inter- 
vening objects, whereby a false estimate of their visual dimen- 
sions is obtained. 

On the contrary, we often judge an object to be much smaller 
than the reality, when viewed alongside some body of surpassing 
dimensions. Thus, a first-class merchant-man may be esti- 
mated no larger than a small barque when seen moored beside 
a three-decker ship-of-the-line ; or dwellings of ordinary size, 
viewed in contrast with St. Peter's church at Rome, or the 
Capitol at Washington, may seem like mere cottages. 

302. Near and fab sightedness are occasioned by too 
great or too slight convexity of the refracting rtiedium of 
the eye, whereby rays of light are brought to a focus before or 
behind the retina. — When the convexity of the cornea is too 
great, as in cases of near-sightedness, the eye has not the power 
of diminishing this convexity, sufficient to throw the focus of 
rays from objects making a small angle with it back upon the 
retina. In such case only a confused image is formed on the 
retina. To prevent this, it is necessary to increase the angle 
which the rays make upon entering the eye, either by a use of 

* The dim perception of vesseb seen through a fog often deceives the judg- 
ment in regard to their size, since the appearance, through such a medium, 
leads us to suppose them at a much greater distance than they really are. 
Thus, an ordinary sail-boat, under such circumstances, has been often mistaken 
for a sloop or schooner ; these, in such cases, are said by sailors to loom up. 

Where is our judgment in regard to distance and magnitude especially lia« 
ble to err 7 What is said of our judgment of the size of objects in contrast 
with those much larger 7 How are near and &r sightedness occasioned 7 In 
case of near sight, how is the light converged by the crystalline lens 7 How 
may this be prevented 7 
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small doable-ooncare lenses (<^ 285), called spectddes, or by 
brin^g the object neaser the eje. 

On the other hand, when the convexity of the cornea beoomes 
too much diminished, as in old age, the rays are not oonyerged 
to a point sufficiently soon, but have their focus behuid the 
retina. To remedy this defect by increasing the convergence 
of the light behind the crystalline lens the angle of the rajs 
incident on the lenses of the eye must be diminished; tibia 
may be effected, either by holding the object, as a book, for 
instance, at a disti^ice firom the eye, or by the use of spectacles 
with convex lenses.* 

803. The trnpression of a visible, object on the retina 
lasts for an appreciable time after the obfect is removed.— 
If a fire-brand be made to revolve rapidly before the eye, aa 
entire circle of light will be seen ; for the impression made on 
the retina, by the light at any point of the circle, remains until 
the brand returns to that point again.f So, also, of lightning 

* DefectiTe sight may arise from yarious causes. Thus, near-aghtedness maj 
be eaiued by a too great convexity of the cornea or the crystalline lens, or from 
too great a ditfereiioe of density between the aqueous and the crystalline hunors, 
or between the crystalline and the vitreous humors, or both of them ; or it m»j 
be caused by defects both of the form and the relative densities of the hmnom 
Bight is sometimes injured or well-nigh destroyed by the crystalline humor 
losing its transparency in a greater or less degree, and thus preventing the light 
from reaching the retina, or from reaching it in a proper state to form an imtgei 
This is seen in cases of caiaract Such a defect may be often remedied by re- 
moving the crystalline humor, and leaving the light to be converged by the 
aqueous and vitreous humors only. If these be not sufficient to convei^ge tbe 
light, they may be assisted by convex spectacles. 

t The impression of light on the retina lasts from one-seventh to one-tenth 
of a second, varying according to the vividness of the light producing the im- 
pression. The state of the illumination of the surrounding space also varie« 
the time of the impression. A luminous object in a dark room produoes an 
impression more lasting than the same object in a light room. This is prob- 
ably due to the greater sensitiveness of the retina when in a state of repose, 
than when its entire surfiuse is excited by suxroundhig lights. 

How is defective sight in old age produced, and how may this be remedied 1 
What is said of the impressions on the retina after an object is removed ? 
Why does a fire-brand whirled in the air produce a circle of light ? 
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and meteors which exhibit long luminous lines ; the impression 
of the light from the first part of their course not being re- 
moved before that from the last is received. 

The Phantasmascope, an optical toy, acts on this principle. 
This consists of disks, bearing on their margin a variety of 
figures, which are so related to each other, that each succeeding 
figure shall afford a continuation of the preceding, and the 
^hole taken together, when put in rapid revolution, shall ex- 
hibit a single figure, performing some singular or amusing feat. 
Thus, the figure might commence with a player, holding a violin 
and a bow which is just beginning to draw ; the second view 
might represent the bow as drawn a little; the third, still more; 
and the whole views would then exhibit the usual motions of 
the bow. In the same manner are performed dances, feats of 
horsemanship, and the like.^*' 

304. Spectral Colors, — When 'the eye has gazed fixedly 
for some time on an object of a particular color, strongly illu- 
minated, upon turning suddenly to a dark or white wall, it will 
continue to see an image of the object, but of a color quite 
different from the original. This image is called an ocular 
spectrum, and the colors it presents accidental colors. Thus, 
if a bright-red figure painted on a dark sur&ce be intently 
watched for a few moments, and then the eye turn to a white 
wall, the same image will continue and appear on the wall, but, 
instead of red, it will appear of a bluish-green color, or that 
color complementary to the original color of the object. So, if 
it be yellow, the spectra will appear of a deep violet. 

These complementary colors, at first quite distinct, gradually 
&de, passing into others, until the spectral image vanishes. This 
phenomenon is occasioned by the eye becoming partially para- 

* Olmsted's Philosophy. 



Describe the operation of the Phantasmaseope. When are ooular spectra pro- 
dnoed T What are these colors prodaoed called 7 What relation do the colors 
seen andtr these eircnmstances sustain to each other T niastrate this. How 
is this phenomenon oceasion^d ? 
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lyzed by the dazzling effect of the light from the object, and so 
indifferent to the particular tints it presents, but more sensitive 
to those colors most widely opposed to these. It is, therefore, 
that the eye, in the case of the red figure, perceives its comple- 
mentary color, green, and continues to perceive it until the 
retina again recovers its sensibility for red light. 

805. Defect of visum from an inabUUy to distingitish cer- 
tain colors, — Persons are occasionally met with, whose 
vision, although sound in all other respects, is singularly de- 
fective in the power of distinguishing jocular colors of the 
spectrum. 

Sir David Brewster relates the case of a shoemaker, by the 
name of Harris, who always mistook orange for grass-green, 
and light-green for yellow, and from infancy was unable to dis- 
tinguish the cherries of a cherry-tree firom its leaves, so far as 
color was concerned. • 

Another amusing instance is given of a tailor, who con- 
founded green with red, and who one day, by mistake, repaired 
a coat, of dark-green color, with a piece of cloth of scarlet 
color. 

Such states of vision are attributed by Sir J. Herschel to a 
defect in the sensorium, by which it is rendered incapable of 
appreciating exactly those differences between rays on which 
their color depends. 

OPTICAL INSTRUMENTS. 

806. The Microscope.^ — ^This instrument, designed for aiding 
the eye in perceiving minute objects, maybe regarded as among 

* MiKf^oi^ Bmall, ffxoTrffoi, to see. 

What is said of defects in the vision of some persons in regaxd to thttr abil- 
ity to distinguish colors ? Case of the shoemaker? The tailor? How does 
Sir J. HeiBohel ezpUin the cause of these singular defects T For what is the 
Microaoope designed ? 
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the most remarkable achievements of modem art, since its dia- 
coYery has brought to view a. new world of being, and disclosed 
processes in nature equally wonderful and important 

We have already seen (^ 300) diat the apparent size of 
objects depends on the angle under which they are viewed, 
and of course upon their nearness to the eye. When, how- 
ever, an object approaching the eye reaches a cert^n point, 
its rays meet this at angles, too diverging to be collected by 
the crystalline lena on the retina, and vision begins to grow im- 
perfect. This point is known as the limit of distinct vision, 
and is usually about ^ve inches distant from the eye. 

Every instrument, therefore, which will admit of viewing 
objects nearer than this limiting angle, may be regarded as a 
microscope. 

807- A Simple Microscope is merely a convex lens, of 
ng. MO. short focal distance, by 

which the rays From near 
objects may be converged to 
- the eye, so as to render these 
visible. The magnifying 
principle of this microscope 
may be illustrated by Fig. 
250. 

808. Let 0', Fig. 250, 
be a minute object placed 
before the double-convex lens, F F, at or just without its prin- 
cipal fctfus, but too near the eye to be seen by it without arti- 
ficial aid. The rays which fall on the lens &om 0', and 
every intermediate point of tlie object, will be convei^ed, and 
enter the eye, at E, causing an image of the object, greatly 



How maj (his instrument b« regarded t Whf mnnDt miaaU objecls nor th« 
rye b« distinctly perceived T What is mennl by the limit of distinct Tiiion, knd 
bow tkr ii this aauBllffrom the ejeT What use does the microscope serraT 
What is a Simple MicroBCopel Explain the manner in which tb« mioroscope, 
na seen in Fig. 2oO, enables the eye (a diBtin;;ui»h minute ul^jeats very near 
It, by luagnirying their appitrenl dim 
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magnified, to appear at o o'. The app&rent magnitode of the 
image, in such a case, will depend on the angle at which the 
rays from the object enter the eye after traversing the lens ; 
hence lenses of high refractive powers qnd short focal distance 
magaif; moat Such can be used for examiaing only the moat 
minute objects placed very near the eye, since their field of 
vision is extremely limited, uid covered hy objects of small ox- 
tent. 

809. The magni/j/inff power of a lens * may be determined 
very nearly by dividing the limit of distinct vision hy the dis- 
tance of the object from the centre of the lens. Thus, in Fig. 
250, if we suppose the former to be five inches, and the dis- 
tance of the object from the centre of the lens, ^ of an inch, 
then will the magnifying power be as -|^ to 5, which is as 1 to 
60, or as 1 to 2,500 in sur&ce. That is, the length of o o' 
r^ m. will appear fifty times that of 

' 0'. 

The Magic Lantern, Solar Mi- 
croBCope, and Camera Obecon, 
are all different ' fonns of the 
simple microscope, and will be 
subsequently described. 

810. The Compound Mi- 
croscope is formed by ammging 
a second lens bo as to magnify 
the imojfe of the object formed 
by the simple microscopy or sin- 
gle lens. Thus, instf^ of tlie 
object itself, the image of tlisl 
object is examined by the eye. 
Fig. 251 shows the principle 
■ The diftmDDd fttlorde the most perIM material tor da^iPringP'"?"^' 

What kind of lensea msgniiy moslT What clug of object! can Milj >* 
•isminea hy aaoh IodbibT How maj the magni^ing power of » tone be 
delermined? EipWnthU. How in the Compoand Microscope fcrmal T EipUin 
this from Fig. a61. . 
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of the Compound Microscope. The object-glass, a 6, is fixed in 
the lower extremity of the tube, near the minute object placed 
just below. This presents a magnified and inverted image of 

the object, a" tf% at the focus 
0/ the eje-glass, c. By this 
second lens, or eye-glass, the 
image formed is magnified, 
and brought to the eye, situ- 
ated above and near c, so as 
to appear at a' b' of surpris- 
ing dimensions. 

Fig. 252 presents such 
a microscope complete in 
all its parts. The tube, A, 
contains in its upper part the 
eye-glass; this tube slides in 
a second, B, in the lower ex- 
tremity of which is fixed the 
small object-glass ; B also 
moves in the stand C. Thus, 
by such a movement of these 
tubes, the lenses in them 
may be adjusted to the prop- 
er distance from each other, 
and the ol>ject to be exam- 
ined, which is placed at S. 
M is a mirror for reflecting the light from the sun, or a lamp 

far, owing to its high refraoting power, it entblea the eye to see minate objects 
ftt a Urge angle. The diamond, moreoYer, oaoses but a oomparatively tlifffU 
aberration of the light passing through it, while its dUptrsivt power, or power 
of deoompoeiiig light Into its prismatio colors, is but trifling, being nearly 
achromatic. For these reasons it is peooliarly adapted to magnifiers for hi^h 
powers. The sapphire, garnet, and qnartz crystal, are also well adapted for 
magnifiers of high powers. 




Describe the parts of the Compound Microscope when complete, as in Fig. 252. 

28 ' 
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apon the object at S, and so iUaminatitig and rendering it more 
distinct This mirror turns on pinions, and can be fixed at an j 
desired angle. The varioos appendages to this oomponnd micro- 
soope are also shown in the figure. D,E, are eye-glassesof differ- 
ent powers ; F, a glass plate, on which minute objects for ex- 
amination may be laid ; G, a pair of delicate tongs, for taking up 
small objects ; E[, a pair of pincers fixed at one end of a wire, 
to the other of which is attached a small ivory capsule for hold- 
ing various objects, the whole turning on a pinion^ fitting into 
a hole in S ; J, a delicate point for taking up minute objects ; 
K, the eye-piece for holding the eye-glass; L, a receiver for 
liquids; 1, 2, S, small objects fixed ou glasses set in sliders, 
which slide between the springs of S. 

311. No instrumetit of human contrivance has done more 
than die microscope to enlarge the boundaries of knowledge, 
and unfold to the mind the exquisite skill and perfection dis- 
played in creation. It places us in the midst of a world before 
invisible, and which, like a new creation in the freshness of 
beauty, stretches away in enchanting, prospects on every side. 
It shows that beyond the limits of our unaided vision all ft 
instinct with life, and replete with harmony, skill and wise 
design. 

The most common substances, which afford but little if any 
interest to the unaided vision, under the microscope become 
often objects of the highest interest and iostruction. Thus, a 
single grain of marl, for instance, is seen to be composed of 
myriads of flinty skeletons of minute creatures, perfect in their 
organization, and once replete with life and activity, while a 
single drop of liquid may exhibit millions of living animalculae, 
which appear like huge monsters^swimming siyout and sporting 
at will, as in a vast sea.^^ By means of the microscope, the 

* Aeoording to the microscopio researches of Ehrenberg, a species of slate, 

What is said of the Mioroeoope in reference to human knowledge? Under 
this instrument, what do some of the most common substonces present? Give 
illustrations. 
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characteristics and habits of many minute insects, whose opei - 
aliens have an important bearing on the convenience and com-. 
fort of man, may be learned, and their injurious results thereby 
guarded against. In a word, this instrument enables our vision 
to explore fields of beauty and variety before undiscovered, 
but replete with interest, as bearing upon our physical well- 
being and happiness. 

312. The Telescope^ is an instrument for viewing distant 
bodies on the earth or in the heavens. The kinds employed 
are two, known as the reflecting and the refracting telescopes. 

The Reflecting Telescope, — Fig. 253 exhibits the internal 

Fig. 258. 




arrangement of the more common form of this telescope, known 
as the Gregorian Telescope. In a large open tube is fixed a 
highly polished metallic concave speculum,f m m\ having 
a circular aperture in its centre. The rays, r r', entering 

fmnd in Bohemia, consists almost entirely of the skeletons of minate animals, 
of which forty^ne thotuand millions are found to lie entombed within the 
spikoe of a single cubic inch. A species of marl, existing extensively in Tarioos 
sections of the United States, is found to be composed almost wholly of the 
bodies of infusoria, well-nigh exceeding in numbers the bounds of credibility. 
So small are these minute xsretitures, that a thousand might swim side by side 
through the eye of a needle. This marl, thus composed, becomes one of the 
most fertilizing products to be found, and is accordingly extensively used as a 
manure. 

• Ti^U^ at a distance, nxonio*, to see. 

t A speculum is a reflector formed of highly polished metal. A mirror is 
a reflector made of glass, usually coated on its back with an amalgam of tin 
and quicksilver. 



The uses of the Telescope ? The kinds employed ? Besoribe the Befleoting 
TelflBCope, aa shown in Fig. 258. 
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through the open end of the tube, are reflected bj this specu- 
lum, 80 as to form an inverted image at £, the focus of the small 
concave mirror, s; by this small mirror a second erect image is 
formed before the eje-glass, ^ at i' ; this image is magnified bj 
the eye-glass, i*% and is viewed by the eye, at e, the same as in 
the compound microscope. The second lens, at /!, is usually in- 
terposed for rendering the rays from the small mirror QK>re pon- 
vergent; this, however, is not necessary; w w, is a rod and 
screw, connecting with the mirror, Sy for regulating the distance 
of this, and adjusting it tathe focus of the mirror, m fn\ 

Telescopes of the larger size and higher powers have been 
usually reflecting telescopes.'*' These possess some advantages 
over the refracting telescope to be described, such as the avoid- 
ing spherical and chromatic aberration, consequent upon the 
difficulty of obtaining lenses firee from these defects. The re- 
flectors of this form of telescope are made of a parabolic form, 
which thus greatly improves their powers of reflecting, and con- 
verging the light falling upon them, and so renders more dis- 
tinct the image of the object. In the reflecting telescope, this 
image is seen erect, and in the same direction with the object 

Fig. 254 presents an external view of such a telescope 
mounted on a tripod-stand, with a sight attached. 

813. The Refracting Telescope^ for astronomical purposes, 

* The great telesoope of Sir William Herschel, oonstruoted ander the patronage 
of George III., was a reflecting telescope. The focal length of this was forty feet, 
and had a specalam 49^ inches in diameter, which weighed 2118 pounds. The 
second reflector at S, Fig. 258, was dispensed with, and the waste of light by a 
second reflection thus avoided. The image thus formed was thrown near to 
the open mouth of the tube, where it was viewed by an eye-glass directly, the 
observer being seated so as to look into the mouth id fh)nt In this telesoope 
many of the larger stars, as Sirius, appeared with the splendor of the son. 

Lord Bosse's great reflecting telescope was constructed with a speculum six 
feet in diameter, being otherways of proportionate dimensions. 



Whftt are some advantages possessed by reflecting over i^firaoting tele- 
scopes ? How are the reflectors formed T What is said of the image in this? 
What does Fig. 264 show T How does the refracting differ from the reflecting 
telescope last described f 
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difiera fr(«n the reflecting Just descriTjed, in having the iiniige 
before the magnifjing-glass formed bj lenses instead of mir- 
rors. Fig. 255 shows the internal arrangement of sudi a 
telescope, the principle of which is Smilar to the oompoond 



Kg. S66. 




microscope, differing from that in nothing except the prq>ar- 
tion of its parts. is the object-glass placed at the end of 
the tube, which serves to collect the rays from a distant object, 
and form an inverted image of the same at o o', in the focus of 
the magnifying lens, M; bj this, it is magnified,* as in the 
microscope. Fig. 251, and appears to the eye a;t E. 

814. The Terrestrial Telescope or Spy-glass, — As tiie 
Astronomical Telescope, last described, presents objects to the 
eye inverted^ it is unsuited for viewing terrestrial objects; 
accordingly, for this purpose, two additional lenses are inter- 
posed between the eye and the image, whereby the latter is 
made to assume an erect and natural position in reference to 
the eye. 

The course of the rays and position of the image in the ter- 

Fig. 256. 




restrial telescope will be readily understood by Fig. 256, where 



Explain Fig. 256. Why is the Astronomical Tdesoope unsuited /br Tiewing 
terrestrial objects f How is this remedied, and the object made to appear 
upright ? Explain the course of the niys of light, and the manner in which 
the image of the object is seen direct, as shown in Fig. 266. 
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O is the object-glass and m n the first image formed at the 
focal distance of the converging lens, C ; consequently, the 
rays from m n, after passing through C, will emerge parallel. 
These then fall on another converging lens, L, of equal focal 
length, bj which tHej are again made to converge and form a 
second image, n m, inverted with respect to the first, but in 
the same position as the object. This image is then viewed 
through the magnifying lens, M, by the eye at E, as in the 
previous figures. 

These lenses are fixed in tubes, which slide one within the 
other, by which each may be adjusted to the correct focal 
distance. These tubes are better shown by Fig. 257, which 

Wig. 267. 




presents a view of the Mounted Spy-glass. C is for the ey^ 
glass or magnifier, in which magnifiers suited to different eyes 
may be inserted; b is a shade-glass for protecting the eye 
against the concentrated light from the lens. The great im- 
provements of late, in the construction of large achromatic lenses 
(^ 289), have caused refracting telescopes to be more generally 
employed for astronomical as well as terrestrial observations. 
815. The magnifying power of the telescope depends on the 

What does Fig. 267 show T On what ratio doee the magnifyiDg power of the 
teleecope depend T 
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ratio between the focal distances of the object-glass and the 
eye-glass. Thus, in Fig. 255, suppose the conunon focos ten 
times nearer the eye-glass than the object-glass, then will the 
instnunent magnify ten times ; if fifty times nearer, fifty times, 
and so on. Hence, the magnifying power of ihe telescope may be 
increased, either by using an object-glass of small curvature, so 
as to throw the image to a great distance, or an eye-glass of 
high curvature and short focal distance. Thus, if the object- 
glass have a focal distance of twenty-five feet (300 inches, for 
instance), and the eye-glass or magnifier one tenth of an inch, 
then will the magnifying |k)wer of the telescope be three 
thousand times in diameter, and nine millions in sur&oe. 

Galileo's Telescope. — This is the most simple fi)rm of tel- 
escope now used, and possesses some important advantages over 
the refracting telescope, just described. The object in this is 
made to appear erect, by the use of only two lenses. These 
lenses consist of a double-convex lens for the object-glass, and 
a double-concave for the eye-glass ; the latter is placed within 
the focus of the object-glass, so as to magnify its image formed 
before the crossing of the rays. Owing to such an arrangement 
of the lenses, these telescopes are comparatively short, and 
therefore more convenient for many purposes. Opera glasses 
are telescopes of this form. 

Aooording to this how may the magnifying power of the telesoope be in- 
creased T Give an iUnatration. What is said of Galileb's Telescope 7 How 
does the object in this appear? How many, and what form of lenses 7^ What 
are Opera glasses 7 
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HEAT. 

816. Heat is the sessation experienced when we touch any 
object the temperature of which exceeds that of the human 
body. As in case of light, the principle or essence of heat is 
unknown ; our knowledge of it being confined merely to the 
effects it produces in matter. 

The sources of heat ate various, as that from the sun, firom 
combustion, firiction, etc. The sun is the chief source from 
whence the earth is supplied with heat, and thus rendered 
capable of sustaining the varieties of animal and vegetable life 
found scattered over its surface. Heat is also finely given out 
whenever oxygen gas, one of the elements of common air, is 
made to combine rapidly with a combustible body, as in the 
burning of the wood and coal of our fires. Friction, caused by 
rubbing together bodies, as pieces of dry wood,* the hands, 
etc., excites heat. This is, moreover, produced by percussion, 
as when metals are hammered upon an anvil, by chemical mix- 
tures, etc. 

317. Expansion of bodies by heat. — Heat exerts an influ- 
ence counter to molecular attraction or cohesion, and, when dif- 
fused through bodies, tends to drive asunder and separate the 
atoms of which they are composed ; hence it is that bodies 
usually expand, and increase in bulk in proportion to the 
amount of heat applied. This increase in bulk of bodies, caused 
by heat, is most clearly shown in the case of liquids and the gases. 

* The Amerioan Indians, throaghoat the whole extent fh)m Patagonia to 
Greenhuid, formerly procured fire by rubbing together pieces of dry wood until 
they kindled into a flame. Instances have occurred where whole forests have 
been burned down, by fires kindled from the violent friction of the branches 
against each other, caused by the wind. — Parke's Chem. Catechism. 

What IS heat T Do we know anything of the principle of heat 7 What are 
some of the sources of heat 7 The principal source of heat 7 How is heat 
Telate(^ to molecular attraction or cohesbn7 What is said of the expansion of 
different bodies by heat 7 
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Experiment. — Pour water or alcohol into a bulb, Fig. 258, 
haying a long tubular neck, so as to eause the water to 
rise part way in this, and immerse the bulb in boiling 
water, or apply the heat of a lamp. As the litpiid 
within the bulb becomes heated, it will be seen to ex- 
pand and rise in the neck, in proportion to the d^;ree 
of the heat applied. 

Experiment a. — Invert such a bulb, filled only 
with air, and place the extremity of its neck in some 
water. Upon applying the heat of a lamp, the air in the bulb 
will rapidly expand, and be forced out in bubbles through the 
water. This expansion of the confined air will be perceptible, 
with only the heat from the hand applied. 

318. The regular expansion of liquids and gases by beet 
led to the invention of the Thermometer^* for measuring 
changes in the temperature of the atmosphere and other bodies. 
The simplest and most sensitive kind of thermometer is that 
discovered by Sanctorio, in 1590, and called, from the manner 
of its construction, the Air Thermometer. 

This is seen in Fig. 259, and consists of a glass bulb, nfitb a 

long stem entering some colored liquid in the small 

^Jl ' vessel beneath. From this bulb, a portion of the air is 

\f expelled, so as to cause the liquid to rise part way in 

the stem. 

A very trifling change in the temperature of the 
surrounding air will be shown by a corresponding in- 
crease or diminution of the bulk of that confined in the 
bulb, which will cause the colored liquid to rise or &2I 
in the stem. To this stem is affixed a scale graduated 
to denote the temperature, corresponding to the beigi^ 

of the liquid in the tube. 

* 

* I%ermos, heat ; metron, a measure. 




Giye the experiment with water OP alcohol? With air? The nae of the Ther- 
mometer? What ia said of the Air Thermometer? Describe its oonatmctioaT 
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The extreme sasceptibilitj of air to expansion from heat 
causes such a thermometer, of moderate' length of stem, to indi- 
cate the changes of temperature within onlj a very limited 
range. This was accordingly dispensed with, and thermome- 
ters filled with mercorj were substituted. 

819. The Mercurial Thermometer is the form now almost 
universally used. For filling thermometers, no fluid possesses 
the advantages of mercury, since it is not only quite sensitive 
to the effects of a change of temperature, but also expands uni- 
ftrmly, and within comparatively narrow limits. 

The common mercurial thermometer consists of a small glass 
bulb with a stem having a fine bore. This bulb and a portion 
of the stem are filled with pure mercury, by first expelling the 
air, as in $ 317, Experiment a,, and then placing the end of the 
stem in the fltiid. As the bulb cools, mercury flows up into 
the vacant space ; when a sufficient quantity has entered, the 
stem is inverted, and the bulb heated to the boiling-point of 
mercury, to expel all the air, and the end of the stem then 
sealed with a blowpipe. 

The bulb, thus filled, is then plunged in ice-water, and the 
point at which the mercury stands in the tube carefully marked ; 
and then again in boiling water, and the point at which the 
mercury stands in this also marked. These constitute the 
fireezing and boiling points of the graduated scale affixed. 

The scales of diflkrent thermometers are differently graduated. 
That of Fahrenheit (the thermometer conunonly used in this 
country) has the freezing-point marked 32^, and the boiling- 
point 212^ ; the zero is consequently 82 degrees below the 
fireezing-point. The Centigrade thermometer has the fireezing- 
point marked 0^, and the boiling-point 100^. Between the 
freezing and boiling points of each thermometer the scale is 

What objeotions to this ibmi of thermometer T The kind of thermometer 
now generally need T Why is mercury weU adapted for filling thermometers 7 
Describe the manner of oonstructing the common Mercurial Thermometer? 
Are the scales of the different thermometers alike 7 What are the fireesing and 
boiling pomts of Fahrenheit's scale 7 Of the Centigrade scale 7 
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divided into the coirespoading number of equal diTisions, and, 
as liie mercor; in the bulb expands uniformly, the tempcntnre 
ia indicated bj the point upon the scale against nhich it stands 
in the tube. 

320. Solids, like gaaea and liquids, have their dimenMom 
increased by heat. These, however, expand differently Tith 
the same degree of heat applied. Thus, 800 cubic inches of 
iron heated from the freeiing to the boiling point of water, be- 
come 801 cubic inches; 350 of lead become 851, and bo of 
other solids. 

The Pyrometer, Fig. 260, is an instrument for indiralr 



ing with con^derable accuracy the expansion of rods of differ- 
ent metals by the same degree of heat The rod of metal lo 
be tested is placed with one end against a screw, and the other 
resting against a small pin projecting from a right-angular rod. 
BO attached to the frame as to turn resdily whenever there is s 
pressure against the pin. The free end of this right-angnW 
rod is connected with the revolving hand of a graduated disc, 

How does faeM aSect the dimenaioii« of aolida ! lUustrate this in the «W 
of inm oDd I«d. Wh«i ia th* PJromeler T DMcribe its coustnictiMi lad 
nperihon, u ^own in Fig, ago. 
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by means of a fine cord passing around its hub, so that, upon 
the. slightest pressure against the right-angular rod, the hand 
is made to turn. The other end of this cord is attached to 
a second rod, free to rise and fall, whereby an even balance 
is maintained. If, now, a rod of any metal be placed be- 
tween the screw and pin, and the heat of one or more spirit 
lamps be applied, this will be seen to expand the metal, causing 
the rod gradually to increase in length, as indicated by the 
pressure against the pin, and the corresponding motion of the 
hand. By this means, the different degrees of expansion of 
the various metals may be readily shown. 

In the arts, advantage is often taken of this expansion of 
metals by heat. Thus, the blacksmith places the tire or band 
upon the wheel while the metal is hot, so that, upon cooling, it 
may contract, and draw firmly together the different parts of 
the wood. So, for a like reason, the rivets for steam-boilers 
are fixed in their places while heated, which causes them, when 
cooled, to hold together the overlapping edges with the greatest 
force. 

321. Heat^ like electricity^ tends to an equiUbrium ; con- 
sequently, bodies heated to a temperature above those immedi- 
ately surrounding, tend to part with their heat to those sur- 
rounding bodies, until a uniform temperature throughout the 
whole is attained. 

Bodies part with their heat in various ways, as by conduction, 
by convexion, and by radiation. If a piece of heated metal be 
laid on other cold bodies, the heat rapidly passes from this, by 
conduction, to these colder bodies, and soon all become of a 
uniform temperature. 

822. Different bodies conduct heat with different decrees 
of readiness ; this power of conduction varies in general with 



What are instances of the advantages often taken of the expansion of metals 
by heat 7 What is said of the tendency of heat to an equilibrium ? What are 
Bome of the ways in which bodies part with their heat? Do aU bodies conduct 
heat aUke ? How does this usuaUy vary ? 

29 
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Fig. 261. 



the density of bodies, those more dense conducting it with 
greater facility than those less dense. 

Thus, metals are in general better conductors of heat than 
stones, stones than wood, and wood than air and the gases. 
This is illustrated in many of the implements used about a fire, 
as soldering-irons, pokers, etc., which are usually proTided with 
wood handles for protecting the hands. 

It is the superior facility with which metals conduct the heat 
from the hand, that causes a bar of iron, for instance, to feel 
colder to the touch than a piece of wood or cloth, while a ther- 
mometer will indicate the same degree of heat in each. 
Fig. 261 serves to show the readiness with which metal3 

conduct heat. If a wire 
gauze be held over the 
flame of a lamp, Ae in- 
candescent particles, as 
they come in contact with 
the wires, will have their 
heat taken from them so 
rapidly by the metal, as 
to become cooled, and so lose their glow upon passing through 
the wires. Thus the flame will be intercepted, as at A, instead 
of passing the screen, as shown at B. 

Of imperfect conductors of heat, common air, a type of the 
gases, affords one of the best examples. It is from this cause 
that clothing formed of loose fibrous materials, as wool, furs. 
etc., which hold between their particles large quantities of air, 
is warmer than that formed from the more compact fabrics of 
cotton and linen. It is from a like cause that snow serves to 
prevent the escape of heat from the ground, and so protects 
vegetation against the severe frosts of winter ; this holding be- 





Why are many of the implements used about a fire provided with vood 
handles ? Why does a bar of iron feel colder or warmer to the hand than a 
piece of wood or cloth ? What is said of air as a conductor of heat? Why 
are furs and woollens warmer than cotton and linen fabrics ? 
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Vig. 292. 



tween its paitticles a large amount of air, and so forming a ver^ 
bad conductor of the heat 

823. Liquids are among the worst conductors of heat, — 
Indeed, so slight is their conducting power, that Count Rum- 
ford, after a great variety of experiments, was led to infer their 
perfect non-conducting power of heat. Later experiments 
have, however, shown them to be conductors of this to a very 
limited extent. Fig. 262 exhibits an arrangement for showing 

this. A tunnel-shaped vessel, nearly filled with 
water, contains a delicate air-thermometer, with 
its stem passing down through a cork into the 
small bottle beneath ; this thermometer will read- 
ily detect the least change in the temperature of 
the water. Upon the upper surface is poured 
some ether, which, when inflamed, as seen in the 
figure, produces a great amount of heat. Such 
a heat, thus applied, is found not to affect in any 
perceptible degree the temperature of the liquid 
immediately belo\*^ its surface, as may be shown 
by raising the bulb of the thermometer very 
near the surface of the water, next the burning 
ether, when it will still remain unaffected. 
Liquids become heated Inj convexion.^ — Thus, in a vessel 
of water, heated over the fire, those particles of the liquid rest- 
ing against the heated mct;il of the bottom become hot and rise 
while others above sink down and occupy their place, and in 
turn become heated and rise, and so the process goes on until 
all the particles of the liquid are brought in contact with the 
heated surface. In a similar manner air surrounding a heated 
body becomes warmed. 

824. Bodies radiate their heat in all directions, — Badi- 

* Con, to, and veho, to bear. 




s 



What IB said of liqaids as condaotors of heat? What is Fig. 262 designed 
to illustrate T Erplain this. How do liqaids beoome heated by oonvexion T 
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ant heat follows in most respects the same laws as light from 
luminous bodies, being emitted in direct lines from all sides of 
the heated body, and subject to reflection, refraction, and polar- 
ization, the same as light Different sur&ces radiate heat with 
different degrees of facility. Dark and rough surfeces are bet- 
ter radiators of heat than smooth and polished sur^u^es ; for 
this reason, stoves of cast-iron are better warmers than 
those of polished sheet-iron. So, for a like reason, vessek, aa 
tea and coffee pots, for retaining the heat of the liquids they 
contain, will do this much better if made of smooth and pol- 
ished metals. 

The rttys of heat incident on a concave reflector may he 
converged to a focus the same as light. — This may be shown 
by an arrangement seen in Fig. 263, where a and 6 are tfc 

Fig. 263. 




*i^ 




brightly polished copper reflectors, of the parabolic form, placed 
exactly opposite each other, and in the same line, at a distance 
of from ten to twenty feet. Let these stand in a dark room, 
and in the focus of a place a ball of cast-iron, heated a little 
below redness. The rays of heat radiated from this upon o 
will be reflected and fall on b, by which they will be converged 



What laws does radiant heat follow ? Do all surfiicea radiate heat with Uip 
same facility 7 What surfaces do this with the greatest facility! What is 
said of liquids heated in brightly polished vessels T What is said of the re- 
flcchon of heat ? Explain this by Fig. 263. How may certain combusUbles 
be Ignited without any visible cause ? 
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to a focus. The bulb of a thermometer placed in this focus 
vill show a powerful heat ; and tinder, phosphorus, and gun- 
powder, placed in the same position, will be inflamed without 
any visible cause, since no light appears. 

325. Transmission of Heat, — Heat and light, as we4iave 
already remarked, are independent agents, although governed 
in most respects by similar laws. In the facility with which 
they traverse various substances, the rays of heat and light 
differ widely. Many substances which are transparent to light 
intercept the passage of heat, while many which intercept the 
light transmit heat freely. Thus, if a piece of plate-glass, 
whiqji allows of the ready transmission of light, be placed 
before a fire, it will intercept the rays of heat, and become 
soon heated, while a crystal of rock-salt, of equal thickness, 
placed at the same distance from the fire, becomes scarcely 
warmed. Such bodies as plate-glass, which allow the passage 
of light, are said to be diaphanous, while those, as rock-salt 
crystals, which transmit heat freely through them, are termed 
diathejtnous. 

326. Cold and its Causes, — Cold is simply a negative 
term, and implies the absence of heat. This is produced when- 
ever bodies change from a denser to a rarer state. In such a 
case the capacity of the body for holding heat is said to be in- 
creased, so that the quantity of this sufiicient to be rendered 
sensible in the denser state is absorbed and disappears or be- 
comes late?it when the body assumes a rarer state. This heat, 
which is absorbed, or becomes latent, is again given out and 
rendered sensible, when the body is once more compressed and 
made to occupy its former limits. 

This capacity of bodies for heat may be illustrated by a 

la what do the rays of heat and light differ widely ? Illustrate this by 
pieces of plate-ghiss and rock-8.alt crystal phwed before a fire. What term is 
given to substances which allow the light to pass through them readily? 
Wh.'it to those that allow heat to pass through them 7 What is cold ? When 
produced T Why is cold produced when bodies pass from a denser to a rarci 

BtAtO? 

2y* 
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sponge containing water. If the sponge be compressed, the 
water will flow out and become perceptible, but upon removing 
the pressure and allowing it to expand, its capacity for holding 
water will be increased so as to absorb this and appear compar- 
atively dry ; upon again compressing it, the latent water con- 
tained in it will be forced out and again rendered percept- 
ible. 

327. Cold produced by Evaparatiofi. — The capacity of 
li(^uids for holding heat is greatly increased when they are 
made to assume a state of vapor, and hence it is that evapo- 
ration is a cooling process. Thus, a bowl of any hot liquid 
placed where the evaporation may go on freely, soon becomes 
cooled, owing to the escaping vapor carrying away from the 
liquid its heat. 

Thus it is that sprinkling the floor in a warm and dry day 
renders it cool, since the increased capacity of the vapor for 
heat takes it from the floor. From the same cause damp 
clothes, owing to the vapor escaping from them, rapidly take 
the heat from the body, and reduce its temperature. Hence 
the danger from taking cold by wearing such. 

This may be illustrated by the Puhe-glass, Fig. 264, which 

consists of two bulbs blown upon the 
yv ' ' ^ extremities of a glass tube, and con- 

V_ ^ taining some colored water or alcohol; 

from the space above the liquid the 
air has been expelled by heat, and the glass then sealed so as 
to leave a vacuum within. If one of the bulbs be grasped by 
the hand, the warmth of this will cause evaporation to proceed 
rnpidly from the liquid in the other bulb, which will absorb the 
lioat from that in the hand, and produce a sensation of cold 
([uite perceptible. 

The cold produced by evaporation may be illustrated hj an 



!!ir ™'*^i^!^r^^'*^ ^^ ^^^ ^^^ holding heat be illustrated ! How does 

g the floor in a w.-irm d.'iy cool 
produced by this occasioned T 



— ^ .„^ ^u.po^iij' \ji uuuies lor iioiamg nej 
cv»por«ii,.n pro,Uce coW r Why does sprinkling f lie floor in a warm day cool 
'" ^'"»" ■«'•"= Pulse-glass? How is the oold i 
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arrangement seen in Fig. 265. A glass tube, with a bulb upon 

each end, and bent as seen in the figure, is in- 

*1^* sorted in an air-tight brass cup, covering the top 

^S of a receiver, resting on the plate of an air-pump. 

^^ These bulbs contain a small quantity of pure 

^k^ water, which, when placed for an experiment, 

r \ should be allowed to flow into that upon the bent 

extremity of the tube. The other bulb within 

the receiver has a covering of cotton placed 

-^ around it. 

U / Experiment. — Dip the cotton in some sul- 

^^5^*1 phuric ether, and with a small cup placed over 

the hole of the air-pump, to prevent the liquid 

ether entering this, place the cup, with its glass, tightly upon 

the receiver, well fitted to the pump-plate. Exhaust, and the 

vacuum formed will hasten the evaporation of the ether * from 

the cotton, and the cold thus formed will condense the vapor of 

the water within the lower bulb ; this will produce a vacuum 

over the water in the upper bulb, causing this to evaporate with 

such rapidity as to freeze in four or five minutes. A person 

may be well-nigh frozen in a warm day by winding about the 

body a sheet dipped in ether. 

The same results may be produced by plunging the lower 
bulb in a freezing mixture of salt and snow. This instrument 
was invented by Dr. Wollaston, and named by him the Cry- 
ophoruSj or frost-bearer. 

828. WcUer Frozen by its own Evaporation. — A most re- 
markable instance of intense cold, produced by evaporation, is 
shown by the following celebrated experiment first performed by 
Leslie. 

* With an air-pump, designed for nice experiments, this with ether should 
never be performed, since the yapor of the ether acts on the Talves, and 
seriously injures thefti. 

Explain Fig. 266. Give the experiment with this apparatus. 
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Experiment. — Place upon the plate of the lur-pump, Fig- 
166, a broad and shallow basin of sulphuric acid. Otct, aod 



jnat «bo?e this, upon a wire-atand, place a shallow metBllie 
cup filled with pure water. Cover all with 
a glass receiyer well fitted to the pump- 
plate, as seen in the figure. Exhaust, 
and produce a vacuum in the receiver; 
taper will now escape rapidly from the snr- 
face of the water, and be absorbed by tlie 
sulphuric acid ; this will take the heat from 
the water with such rapiility as to freew it 11 
front thirty to sixty seconds. 

Fig. 267 is a convenient apparatus for 
showing, by means of a tbermoineter, the 
sudden change in the temperature of the 
water during the progress of evaporatuffl 
in a vacuum, as just described. The bulti 
of a thermometer, suspended by a sliding-rod 
in the long neck of the receiver, may l» 

Qm the aiperimeut (br Bhowing the muin«r in whioh irntcr maj I* ft^*° 
by it. own «T«ppr»tion in a tmuudi. For trbftt it tbc appuatai Mm in f* 
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lowered into the water in the cup over the basin of acid, aa 
seen in the figure.* 

Freezing Mixtures, — Whenever a solid is "rapidly con- 
yerted into a liquid, intense cold is produced. This may be 
shown by mixing together salt and snow, or pulverized ice, 
which mutually dissolve each other, and take the heat from the 
surrounding objects. In this manner creams are frozen during 
the warm days of summer. 

By mixing together three parts of chloride of lime and two of 
snow, a cold of 50** below 0® may be produced, and mercury 
thereby frozen. The greatest artificial cold yet produced (175** 
below 0**) is from the rapid evaporation of solidified carbonic 
acid gas in a vacuum. 

* Thia experiment is one of the most ri^d tests of the air-pump now adopted. 
If a pump will freeze a small cup of water in from one-half to thi^e minutes, 
without the aid of ether or other evaporating liquids, its operation may be 
deemed satisfkctory for all the varieties of pneumatic experiments. An air- 
pump in possession of the author has repeatedly performed this experiment in 
less than one minute. 

How may freezing mixtures be prepared ? Cause of the cold produced by 
these ? What is said of the cold produced by a mixture of chloride of lime 
and snow 7 By what means has the most intense cold yet known been pro- 
dnoedT 
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ADDITIONAL PHILOSOPHICAL INSTRUMENTS. 

329. The Magic Lajiteryt. — This is an interesting form 
of the single microscope adapted for exhibiting, on an extended 
scale, pictures painted on glass, luid natural objects more or 
less transparent to light. The object, in this case, is highly 
illuminated by an artificial light, and its image, greatly magm- 
fied, is thrown on a screen more or less distant from the lens. 
Thus this image is viewed by the eye, instead of the object 
itself, as in the common form of the simple microscope. 

The Magic Lantern, in the early periods of its use, like most 
other philosophical machines, was employed as a mere toy for 
amusing children. The earlier forms of this instrument were 
exceedingly rude and imperfect, consisting simply of a heioi- 
sphcrical condensing lens fixed in a side tube, and a magnifier 
placed in a second tube sliding in the first, which extended 
from the side of a tin canister, while before both of these lense3 
was placed the picture to be magnified. With such an apparatus 
but little dignity or interest attached to these early " showB." 
As improvements were, however, subsequently made in the 
construction of this instrument, it came to be employed for 
exhibitions of greater utility and interest, until it may now be 
regarded jis well-nigh indispensable to popular lecturing.* 

The convenient and attractive form of exhibitions with the 
Magic Lantern has caused this instrument to be extensively em- 
ployed by teachers and lecturers on popular science. We shall, 
therefore, devote a brief space to directions in regard to its 
uses and liabilities, under the various ferms in which it is 
employed for popular exhibitions. 

♦ No lecturer has done more than Dr. Lardner to dignify the Magic Lantern, 
and show its real utiKty for scientific and other illustrations. The striking 
views with this instrument will be remembered by those who listened to the 
instructive lectures delivered by this distinguished philosopher, a few years 
since, in this and other cities of our country ; contrasting as they did wiUi th« 
too many mere tawdry shows with this instrument, givto by those who hite 
neither science nor the requisite mechanical skifl. 
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Fig. 268 presents a sectional yiew of the interaal structure 
of the Magic Lantern. A js an argand lamp^ which is placed 



Fig. 268. 




in a tin box or case, and maj be fixed in its proper position ; 
this lamp is supplied with air through a circular opening in the 
bottom of the lantern, at 0. G is a conical glass chimney, for 
giving steadiness to the flame, and for conducting the heated 
gcis out through the opening, W, which is bent so aB to pre- 
vent the escape through it of the inclosed light. 
R R is a metallic reflector * for throwing the light radi- 

* In this position of the reflector, the lamp standing within its focal 
point has its light reflected divtrging upon tlie condensers ; by this ar> 
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ating towards it back upon the large convex lenses, L L. 
These lenses, known as condensers, are fixed in a short tube 
within the lantern, and serve to condense the light falling 
on them on the object painted upon the sliders ; these sliders 
move through a narrow slit, N N, at the head of the larger 
external tube, and are held in their proper positions bj 
springs. 

" The light from the illuminated object Mis on the mag- 
nifying lenses, M M {^ 286); by these an enlarged image 
is formed on a screen before the lantern. D D is a movable 
diaphragm^ with a circular aperture, for the purpose of cut- 
ting off such scattering rays as tend to injure the distinctness 
of the picture. The magnifying lenses are fixed in a smaller 
tube sliding in the larger, which may be moved nearer or 
fiirther fix)m the object to suit the focal distance. The whole 
internal surface of the lantern and tubes is painted black, to 
prevent any reflection of the irregular light. 

380. Directions for the use of the Magic Lantern, — Tbe 
lamp should be well trimmed before using, and filled with the 
best sperm or lard oil ; the wick being even and raised as high 
as may be without smoking. 

The reflector, glass chinmey, and lenses, should all be re- 
moved before an exhibition, and carefully wiped; with the 
lenses a piece of clean buff-leather or silk handkerchief may be 
used, and a circular movement given in wiping. Avoid getting 
finger-marks on these, and see that they are replaced in their 
proper positions, as shown by the cut. 

The lantern should be placed on an elevated stand (See Fig. 
271), at distances from the screen varying from eight to twenty- 
five feet, according to the focus of the magnifier, the degree of 

rangement a greater quantity of light is made to fall on the condensing tenatf 
than by the former method, where the reflector was fixed upon the rear sur- 
fiice of the lantern, so as to converge (h^ less amount of light foiling upon it on 
the lenses. These reflectors should be made of a paraboUc form (§ 273). 
Much depends on their proper form and position. 
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the illumination, and the size of the circle which it is desired 
to form on the screen. At the splendid exhibitions with the 
Oxhydrogen Microscope, given by Mr. Whipple at the Tremont 
Temple, in this city, in 1850, the lantern was placed at a dis- 
tance of sixty feet from the screen. The author of this work 
has recently assisted in arranging an extensive apparatus for 
exhibiting the dissolving views, where the lanterns were placed 
about forty feet from the screen. About ten feet is the usual 
distance. As the same amount of light is thrown on a small 
as on a large circle, the brilliancy of the picture formed on the 
screen will, of course, diminish as its magnitude is increased. 
With the illumination from an oil lamp, a circle of eight or ten 
feet diameter is sufficiently large. With the Drummond Light, 
one of fiftieen or even twenty feet may be formed. 

The position of the lamp in the lantern should be such as, 
when lighted, to cast upon the screen a well defined mid 
uniform circle of light,* In some lanterns this position of 
the lamp is fixed ; in others it is determined by an adjusting- 
screw upon the outside, which moves it to and from the con* 
densing lens, as may be required. 

The sliders are placed in the slit with their pictures inverted. 
These should be free from dust, and arranged in a box, so that 
they may be readily taken up in the order in which it is desired 
to use them. The magnifying lens may be adjusted to its focal 
distance from the painting by means of the sliding- tube in 
which it is fixed. During the exhibition no light should he 
allowed to escape into the room, except that passing through 
the lenses upon the screen. 

The position of the lamp and lenses should be carefully 
adjusted before the lecture, and the lantern allowed to stand 
for some time previous in a warm room, so that the lenses may 
become warmed, and thus prevent the moisture condensing on 
them, and so injuring their transparency, as is often the case 
in cold weather. 

* See that the lenses of the inner and outer tubes are in a direct line. 

30 
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381. The Screen on which the picture is thrown shoald be white. 
A plastered wall, hard finished, or piece of cloth twelve or 
fifteen feet square, well covered with white paint, and attached 
to a roll, forms a suitable screen. Where the screen is inter- 
posed between the spectators and the operator, as in producing 
the phantasmagoria, it should be rendered as transparent as 
possible. Such may be made by smearing over bleached cotton, 
or linen, with a coat of white wax, or bj using muslin or 
bleached linen stretched on a vertical frame. Wetting occasion- 
allj with water during the exhibition, improves the transparency 
of the two last ; this may be done by a small syringe. 
. • Since nearly half the light is intercepted and prevented from 
passing through such screens, the picture formed on diem is, of 
course, much less brilliant than those formed on opaque screens 
prepared as already described. Th^e transparent screens, how- 
ever, possess the advantage of allowing the operator and lant^n 
to be concealed from view, causing the picture to appear sus- 
pended in the air, and so rendering the illusion more perfect 

882. The Phantasmagoria, — This singular illusion is pro- 
duoed by the formation of an image on a transparent screen, as 
we have just intimated. In this case the operator is concealed 
fix)m view, and as the screen is not seen, the images formed 
on it appear suspended in the air. 

Let the operator, standing quite near the screen, and holding 
the lantern under his left arm, with his right hand adjust the 
focal distance of the lens so as to form a distinct picture on 
the screen ; then moving slowly from this, and at the same 
time regulating the focus of the lens, the picture will gradually 
increase in magnitude, and appear as if approaching the specta- 
tors ; upon returning again towards the screen, the picture will 
appear to recede. If the lenses and quantity of light be prop- 
erly regulated the illusion will be complete, and the effect 
most wonderful. 

833. Dissolving Views, — These are most extraordinary magi- 
cal effects, produced by placing two lanterns of equal power so as 
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to throw two pictares of equal magnitude, and in the same 
position, on the same space of the screen. The laQt«rns are 
placed side by side on a stand, as shown in Fig. 269, and tnaj 
be adjusted to the proper 
angle with each otlier 
bj turning on pivots in 
front, and, when so ad- 
justed, made permanent 
by binding-screws. A 
diamond-shaped shade, 
S, slides in a groove in 
&ont of the 1(tnterna, 
and is so proportioned 
that its widest part, 
when direclly Ik'Foic one 
of the nozzlus, shall 
wholly intercept the light 
through that, while its 
point just roaches to the 
outer edge of the other 
nozile. Thns, in moving this sliding-shade, the light from one 
lantem is cut off from the screen jnst in proportion as that from 
the other is let on.* 

* Diuoivias Slop-Coek. — In the recent Bmngtinent ot tbese dissolving 
lanlerDB, where the Drummond 
TIf. 170. Light (ae« i 334) ii used far 

i II umi ntiting, i naleikd or lb e 9I ide 
a, B Dissolving Stop-Cock, Fig. 
270, iaemployed, for Bllcrn«telj 
I] Icttiog on and closing off the 

light. 

The Cf linder of thii is fixed 
upon the refir purl of the itand, 
between the lanterns. Tlie tube 
&(Hn the oxygen bag i» wrewed 
to the stop-cock, O, that fVam 
Ihe hydrogen b«g or generator, to H. From the stop-cocks, o o', lead small rub- 
ber tubes Ibr oonTcjiag the oifgen to the eompound blowpipea arranged 
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With the lanterns and lights properly adjusted, let two sliders 
be placed in the slits, one for instance representing a landscape 
by day/ and the other precisely the same landscape by night; 
and let the light through the nozzle which contains the land- 
scape by day be unobstructed, while that through the other 
is intercepted ; the {picture on the screen will then represent 
the landscape by day. K the shade be now slowly moved, the 
nozzle of the lantern which shows the day-landscape will begin 
gradually to close, while that which shows the night-landscape 
will gradually open. The effect will be that the daylight ¥rill 
gradually decline upon the picture, and the objects represented 
will assume by slow degrees the appearance of approaching 
night. The gradual change will go on until the nozzle of the 

in ^ther lantern, as seen in Fig. 271 ; from h h lead the hydrogen tabes fb>r 
oonTeying hydrogen to these same blowpipes. K is a key, nicely fitted, to 
turn in the cylinder ; through this key, opposite O and H, are two holes, which 
connect, one with the stop-cocks o (/, the other with h k% and m such a man- 
ner that when the lever of the key is turned towards the side h o, the blow- 
pipe of the lantern oonneoting with these will be tolly supplied with the 
requisite proportion of gases from and H, while these gases will be cut off 
from h' o' ; and so, when the lever is turned in the opposite direction, the gasea 
flow through h! o^, but are cut off from h o. 

Thus the Drummond Light is gradually produced in one lantern, while at 
the same time it is as gradually closed off in the other, and so causing a most 
wonderful dissolving effect To prevent the jet of gas from being whoUy ex- 
tinguished, so as to require re-lighting at each turn of the key, two fine slits 
are made on this upon each side of the hydrogen hole, whereby this gas, which 
is the combustible gas, may be allowed to flow, in a minute quantity, through 
the jet from which the oxygen is cut off, and so support the flame. To r^o- 
late the distance to which the key may be turned without extinguishing the 
hydrogen jet, a small pin is fixed in the side of this key, which strikes against 
two others set at the proper points on the upper end of the cylinder. 

The stop-cocks, H, may be left entirely open, and the reqiiiaite amount 
of gases for each be regulated by the stop-cocks upon the opposite side of 
the oy Under. 

For illuminations with the Drummond Light, no arrangement oow in use 
equals this in point of economy and convenience. For the preparation of the 
gases and regulation of this light, see a ftiture section. Near the stop-oocks, 
O H, the cylinder is stamped with these initials, for indicating to which the 
oxygen and hydrogen tubes should bo attached. 
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lantern containing the day-picture is completely closed, and 
that containing the night-picture completely open, when the 
change from day to night will have been completed.* So 
other scenes may be made to dissolve imperceptibly one into 
the other.f 

834. The Oxhydrogen Microscope, — This, in principle, is 
similar to the Magic Lantern, and is used in connection with 
that instrument ; the object being intensely illuminated by the 
rays from the Drummond Light, j: concentrated upon it by the 
lenses of the lantern, and then magnified by a powerful magni- 
fier, so as to form on a screen an image of huge proportional 
dimensions. 

Fig. 271 shows a proper arrangement of this apparatus. A 
small cylinder, i, of quicklime, is placed in a movable socket, 
and so adjusted that an ignited jet of oxygen and hydrogen 
gases shall blow through the compound blowpipe, p, against 
its upper extremity, on the side next the lenses. This produces 
an intense light, which, falling on the condensing lenses, c r, 
and then on those at c c , is converged by these last on the mi- 
nute object at o, situated just without the focus of the magnify- 
ing lens, m. This object, thus powerfully illuminated, is then 
magnified by m, and its image thrown upon a white screen, as 
shown at S S. 

The gases supplying the jet pass from the oxygen bag and 
hydrogen generator, placed beneath the stand, up through the 
small rubber tubes, meeting and commingling just as they 

* Lardner. 

t The pictures should be of the same size, and placed exactly in the centre 
of the lenses. 

t The Drummond Light, so' called firom its discoTerer, is formed by the in- 
oandeAsence of a small cylinder of quicklime placed in the jet of the oxhydro- 
gen blowpipe. This is one of the most brilliant artificial lights known. The 
lime cylinders used with this light, except when in use, should be kept free 
from air in a small bottle provided with a tallowed cork ; in this way, when 
purified hydrogen is used, the same cylinder may be made to afford a light 
through two or three exhibitions. During the exhibition the cyliii'ler should 
be occasionally turned in the tube, so os to present a ttash surface to the jet. 

«0^ 
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efic&pe from the extremitj' of the compound blowpipe, p, where 
thej are ignited.* 

These rubber tubes enter the lantern through a circulai 
opening at the bottom, and a corresponding opening in the wood 
stand on which is fixed the blowpipe arrangement The tubes 
conducting the gases firom the oxygen bag and hydrogen gen- 
erator connect with the body of the blowpipe by means of two 
gallows-connectors (Fig. 58); tliat conveying the. oxygen 
should connect with the injier or central tube of the compound 
pipe, p. To prevent the possibility of a mistake, the screw- 
holes for the gallows-connectors have marked beside them, H, 0, 
corresponding with the hydrogen and oxygen tubes. The quan- 
tity of the flow of these gases may be regulated by the two 
small stop-cocks in the tubes beneath the lantern.f 

The luminous point of the lin^e should be directly in a line 
with the centre of the lens, and near its focus. K this 
point deviate only a trifle from the exact point required, the 
circle of light on the screen will be defective; this position 
may be obtained by means of regulating-screws in the wood- 
stand. 

The directions in regard to the lenses, the distance from the 
screen, and the luminous circle described on this, are the same 
as for the magic lantern. The objects, sucK as portions of flies' 
legs and wings, cheese and fig mites, bees' stings, portions of 
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* ThiB blowpipe is fermed fh)m two smaU copper tubes, one 
within the other, connecting at their lower extremities with the 
two rubber hose. Thus, the gases (which, when mixe<l, form an 
eKplosive compound) do not mingle until just as they esoipe from 
the ends of tlie concentric blowpipe. By this form of the jet 
all possibility of an explosion is removed. Fig. '/^72 shows an 
arrangement of the concentric tubes of this compound blow- 
pipe, where the openings are shown of the usual size. 

t In the arrangement of the ox hydrogen microsoipes now made 
by Mr. Chamberlain, of ^this city, the gallows-connectors are dis- 
pensed with, and in their place are two small stop-cocks connect- 
ing the rubber tubes directly with the body of the jet This dis- 
penses with the small stop-cocks beneath the lantern, and so ficili- 
r^'^nilario,. „f thP flo^r of the g:^<o^ of the jet. 
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hairs, animalculae in water,* etc., are jSxed in circular apertures, 
on strips of thin plate-glass, or confined in cavities between 
ibis, as shown in Fig. 252. 

The oxhydrogen microscope is peculiarly well adapted for 
popular evening exhibitions, since the images of minute living 
objects may be formed on a screen, before the audience, of sur- 
prising magnitudes. Thus, while the common form of micro- 
scope allows of the objects being viewed by only a single eye 
at a time, the oxhydrogen presents the same at once to a whole 
assembly. 

The size of the image varies with the distance of the magni- 
fier from the screen, and this distance may be increased in pro- 
portion as the 'illumination is more intense. Thus, minute 
objects may be magnified in surface many millions of times, 
so that the image of a flea or a louse shall appear in magnitude 
equal to an ox or elephant, and the animalculaB of a drop of 
water like huge monsters swimming in a deep ocean. 

The preparation and use of the gases for forming the 
Drunifnond Light. — This light, as already intimated, is 
formed by the incandescence of lime produced by an ignited jet 
of oxygen and hydrogen gases, mingled in certain definite pro- 
portions ; these proportions being about two parts, by volume, 
of hydrogen to one of oxygen, as in the formation of water, of 
which they are the elements. 

Oxygen gas, besides being the chief element of water, is 
also the vital principle in common air, and enters very largely 
into the composition of various earths and salts. .This gas sup- 
ports combustion, causing bodies to burn in it with surpris- 
ing energy, but does not itself bum. It may be prepared from 
a great variety of substances, and in a variety of ways, through 
the agency of heat or acids. We shall, however, describe only 
two methods, which, in our judgment, combine in the highest 
degree convenience and economy. 

* Ordinary irell-water, or water that has been subjected to conaderable 
pressure, contains few if any animalculed. These are best shown by watei 
from a pool exposed to sunlight. 
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The first &nd preferable method of making oxygen b &om 
chlorate of potash, a salt largely composed of this gas, mi • 
which yields it in great abundance and purity when heated. 

Fig. 27S exhibits a convemeat apparatos for preparing oxygen 




for the Drummond Light, or other purposes. C is a copper 
flask, varying in capacity from one pint to a quart, provided 
with a plug, s, which screws into its nozzle against an air-t^At 
shoulder; to ^ is attached, by soldering, a brass tube; over 
the end of this tube, at I, a proper distance from the heated ft«t, 
is slipped an elastic rubber hose ; the other extremity ot this 
hose is also slipped upon the end of it glass tube, p, bent at a 
right angle, and extending down about an inch below the sur- 
face of the water, w, in the Woulf's bottle or purifier. '■'** 
safety-tube of glass, also passing down through a tighlly-filting 
cork into the water. From Ihe outer end of a second bentgisa 
tube, A, leads another hose, connecting with the atop-cwk 
of the large rubber bag, o. Beneath the copper flask is a sheet- 
iron chimney. A, which servos to conduct the flame from a spiril^ 
I^P, on which it stands against the bottom. " 
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Directions for makifit/ Oxygen. — Expel the air as fav 
as possible from the rubber bag by rolling it up compactly, and 
then close tUe stop-cock attached to its nozzle ; remove the 
screw-plug, s, and pour into the copper flask from five to eight 
ounces of chlorate of potash,* well mixed with two or three of 
powdered oxide of manganese ; see that the screw and face of 
the neck are free from any dust, and then replace the plug. 
Connect the hose leading from t with the purifier, and also that 
from the rubber bag with the same, at b ; place a spirit- 
lamp f beneath the flask, as shown in the figure, and, with the 
stop-cock open, let there be a free communication through 
the water of the purifier into the bag. 

In five or ten minutes the potash wiU melt, and form with 

the manganese a semi-fluid compound, when a decomposition of 

Fig. 274. the former will soon commence, and the 

gas pass over with a free and uniform flow, 
being cooled and purified in its passage 
through the water. When the bag is filled, 
or the gas ceases to pass over, remove the 
lamp, slip the hose from t,X ^^^ close the 
stop-cock. The gas is now ready for use, 
and, when wanted for the Drummond Light, 
may be attached, as in Fig. 271. If ju- 
diciously used, twelve or fifteen gallons of 
oxygen will supply a single light from one 
to one and a half hours. 

A second method of preparing Oxy- 
gen Gas, is by heating powdered per- 

* Every ounce of this salt will yield about one and a half gallons of oxygen. 
This, however, depends on the purity of the potash, which should be ke{)t in 
close jars, and free from the moisture of the atmosphere. Good chlorate of 
potash usually has a thin scaly appearance, and a shiny lustre. 

t These alcohol lamps are provided witb a ground-glass cap, fitting tightly 
over the wick. When the lamp is not in use this cap should be kept on. 

t Guard against removing the lamp and allowing the flask to cool while con-> 
nected with the bottle ; for, in such case, the vacuum formed in the flask will 
cause the water to flow over into this. After naing, pour into this copper 
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oxide of muiganese is a cast-iron bottle, Fig. 274. This bottle 
ia of the same capacity of the copper flaak, 
^.J and has & tube, ground to fit tightly its 

neck ; firom this tube leads a hoee con- 
necting with the purifier. Fill the bottle 
about half fiill of manganeae, and place in a 
coal fire. At a red heat the maogaoese 
will part freely with its oxygen, which 
will flow over as from the chlorate pota^ 
just described, but in less purity than from 
\^ that salt. 

335. Fig. 275 shows a small portable 
stove, coQvenient for holding the bottle 
in the manu&cture of oxygen. With this 
bottle oxygen may be also made fi-om chlo- 
rate of potash, requiring, however, the heat 
* m -^^ of a coal fire. 
j_i^— \ The hydrogen for the Dmmmond 

Light may be used directly from the gen- 
erator, or after passing through the puri- 
fier,* as seen in Fig. 271. Occasionally, however, it is conven- 
ient to prepare the gas previously, and uso from a second bag 
like that for the oxygen in that figurcf 

flask, -while hot, two or thiee gilli of nter ; thii will dimolve tb« muigiuMw, 
etc, which htu become bsnl, aad allow it to be poured out ; in this ymy th« 
flask may be tBsil; cleansed ; if allowed to stutd a Thile aad cool, the proccs) 
of cleuiBing becomes difficalL Oiurd agunst idercing the sod copper by 
sharp Bticka, wirae. elo. 

'This, aa well at oiygen, carries otct with it oertuD yoliitile acida aod other 
impurities, which are stopped and receiied by the water. 

t The gas, when bomed from the compound blowpipe, shonld be foTced 
from th« bags by a moderate pressure. For obtaining this pressure a wide 
bonrd may be used, with oue end nsting on the floor, and anstaJniDg a weight 
of Ibrty or SHy pounds. This bag ma; be placed ia a box beoealh the stand, 
and a pressure better applied, if dtaired. Ooant against getting this In any way 
tneroed. Experience will atoae teach the necessity of proper care in all eiper- 
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The Hydrogen Generator, Fig. 276, is a coDTcnieDt ap- 
paratus far the rapid manufacture of this gas. This cousista 
of a cylindrical copper cistern, holding from two to seven gal- 
lons, provided with a wood cover, held firmly to the cistern by the 
binding screws, a s, and having a atop-cock, c, extending down 
through its centre, to the lower extremity of which, at a, screws 
a copper hell.* Within this bell is 
n,. in suspended a copper bucket filled 

with granulated zinc, or, which is 
preferable, a roll of sheet zinc, Z, 
resting on cross-wires, hooked to 
a main wire festened to the cap 
of the bell. A rubber hose, I, is 
attached to the upper end of the 
stop-cock c, and leads off to the 
purifier or other vessel, as seen 
in Fig. 277- 

336. To prepare Ihe Hydro- 
gen Generator. — Fill the cistern 
nearly half full of water, into 
which pour about one-fifleenth its 
bulk of sulphuric acid, and mix 
well ; lower the bell with its zinc 
into the liquid, and secure the cover by the binding-screws ; 
open the stop-cock, and allow the liquid to rise in the belt, and 
then close it again. The action of the acidulated water on the 
zinc will evolve hydrogen rapidly, and expel the liquid from the 
bell ; t as soon as this is forced below the zinc, as shown in 
Fig. 276, the action will cease. The stop-cock may now be 

* A Icather-inuheT ahonld be placed on the up of thii bell, batireen thU 
ftnd tba wood, (a Bioid the posnbilit; of » Inkag*. 

t The ntioaale of this ii u ibllowa : The water u deoompond ; iti oxjgea 
noitiDg with the lino Ibrmii an oxide of laxt, while the hydrogen, the other 
clement of the water, is aet free. The office of the Bulphorio odd a to diwolTe 
'he OEJde of (he metal oe bood u prodaoed, and fiirai with it a nit {inlphalB 
ot luio), thus iDduclng a decnmpoMtioD of the water. 
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opencdj and the gas allowed to blow off; this should he done 
htice, 80 as to allow the bell to be freed from any mixture of 
atmospheric air before a flame is applied ; otherwise an explo- 
sion, caused by the impurity of the hydrogen, may result upon 
the first application of a flame to the jet. 

The generator, thus prepared, may be kept for use at several 
exhibitions, or until the action of the liquid has become too 
feeble, owing to the union of the acid with the dissolved metal, 
to form a sulphate of zinc, when a fresh mixture should be 
substituted. If the hydrogen is to be received in a bag, after 
passing the purifier, as seen in Fig. 273, this bag should be 
freed from air, and attached as in the case of oxygen already 
described. 

To regulate the flame of the oxhydrogen jet^ Fig. 271. 
— With the stop-cocks attached to the bag and generator 
entirely .open, -turn the small stop-cock of the tube connect- 
ing with the latter, and allow nearly a full flow of hydro- 
gen ; ignite this with a taper, and then let on, through the 
other small stop-cock, oxygen, until the jet is reduced to a small 
bluish-white flame; such a flame causes intense heat, ifhich 
will soon cause the lime to become of a most brilliant white 
A very good light may be obtained by substituting for the hydro- 
gen bi-carburetted hydrogen (street gas), or even by allowing 
only a jet of oxygen to blow through the flame of a lamp, upon 
a piece of lime properly arranged. 

The Solar Microscope, — This is similar in its operation to 
the oxhydrogen microscope just described. For illuminating 
the object in this, solar light is employed. The tube contain- 
ing the lenses is fixed in an opening of a window-shutter, and 
a mirror is placed upon the outside in such a position as to ^^ 
fleet the sun's light upon the condensing lens. No artificial 
light can equal this for illumination ; but, as the solar microscope 
can be used only by day, and when the sky is unclouded, it is 
less serviceable for popular exhibitions than the oxhydrogen 
microscope, which is best used at evening. 
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7%e Benzole Liffht. — An interesting application of hy- 
drogen has, within a few jears, been made to the production 
of the celebrated Benzole or Water Light By means of 
a variety of Ingeniously-conbriTed machines, this light, which 




considenbly exceeds in brilliancy the common gas light, 
has been applied to purposes of illumination, and many 
large factories, and public as well as private dwellings, are 
now lighted from this source. i 

Fig. 277 presents a simple apparatus for exhibiting 'this 
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light in the lecture-room, or for indiyidnal amusement. A, 
B, and Z, represent the acidulated water, the copper bell, 
and roll or bucket of zinc, of the hydrogen generator, as 
already described. From the 8top-<x)ck of this leads the rub- 
ber hose, T, for conveying the hydrogen gas to the water 
of the purifier, P ; this hose is slipped upon the end of the 
right-angular glass tube, which enters the water, W, after 
which, it is conyeyed through the second rubber hose, G, down 
into a small quantity of benzole contained in the second 
bottle, at D. From this the hydrogen receives a due propor- 
tion of carbon, the luminous principle of flame, and the com- 
pound gas thus formed (carburetted hydrogen) escapes through 
a small jet at L, where it is burned, as shown in the figure. 
8, S, are safety-tubes, up which the liquids may rise when- 
ever there is an undue pressure. In this way the flow of 
gas from the jet is made uniform, and any flickering of tho 
flame prevented. 

The benzole employed for this light is a' volatile oil, re- 
sembling naphtha, which contains a very large proportion of 
carbon, and which it readily yields to the hydrogen when 
passed through it. Commou air, slightly warmed and passed 
through this oil, will yield a very brilliant light, although 
inferior to that from pure hydrogen. The glass tube should 
enter the benzole only about half an inch, lest the hydrogen 
become too much carbonized, so as to cause the flame to 
smoke. 

The directions for filling the hydrogen generator have 
been already given. We x^peat, that, when filled, the gas 
fi)rmed in the bell should be drawn off' at least twice, and 
the stop-cock, after each time, immediately closed. Any mix- 
ture of common air with hydrogen forms an explosive com- 
pound. Where the benzole light is employed for illum- 
inating dwellings, a machine is usually placed in the cellar, 
and the generation of the illuminating vapor regulated by 
a crank above, which is occasionally turned. With proper 
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sidll in using, this benzole light forms both a cheap and bril 
liant illumination. 

The expense of a light procured from the passage of atmos- 
pheric air through this liquid is much less than from many of 
the ordinary methods of illumination out of large cities. The 
chief obstacle in the way of obtaining light from this source is 
the readiness with which this hydro-carbon vapor condenses ; 
thus, in cold weather, this becomes condensed in the tubes which 
pass through rooms which are not properly warmed, so as soon 
to clog these and prevent the flow of the gases. 
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Animal Electricity, 241. 
Air, Atmospheric, 87. 

type of fluids, obvious properties, 
87. 

materiality shown by its visibility ; 
inertia, 89. 

resistance of; guinea and feather 
experiment, 90. 

&11 of liquids in yacoo, 91. 

baoyancy of, 92. 

impenetrability of, 98. 

its weight and pressure, 94, 104. 

to weigh, 96. 

oondensed; effect on animal i^ys- 
tern, 100. 

npwanl pressure shown, 106. 

fluidity shown, 112. 

elasticity of ; Mariotte's law, 118. 

compressed; elastic force of, 118. 

conductor of sound, 142. 

its conducting power varies, 148. 
Air-pump described, 77. 

•• theory of its operation, 79. 

** directions for its use, 80. 

Attraction, two kinds defined, 16. 
Archimedes' screw, 78. 
Atwood's machine, 27. 
Action and reaction illustrated, 81. 
Abbe Nollet's globe, 198. 
Aurora illustrated, 194. 
Aurora Borealis, 214. 

B. 

Bodies, solid, fluid and gaseous, 16. 
*' self-luminous, 286. 
** opaque, transparent, translu- 
cent, 287. 
*« Ihlling, laws of, 26. 
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Balance and steel-yard, 87. 
Barker's null, 72. 
Bell, diying, illustrated, 98. 
Bolt-head, 103. 
Barometer and its uses, 107. 
Balloon, pneumatic, 114. ' 
Bacchus experiment, 116.' 
Balance electrometer, 182. 
Benzole light, 861. 
Beer-jar, 120. 

Battery, galvanic, compound, 218, 222 
« ^ermo-electric, 240. 
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Centre of gravity, to find this, 20. 

*< falls before pomt of 
support, 21. 

" illustrations of, 24. 
Capstan, 41. 
Condenser desoribedT 82. 
Condensing-«iiamber, 119. 
Clouds, 137. 
Calorific rays, 811. 
Cold, causes of, 841. 
•* produced by evaporation, 842. 

Birecting-rod, 171. 

Decomposition by electric spark, 200. 

" by galvanism, 227. 

Daguerreotype, 813. 
Dissolving views, arrangement of the 

lanterns, 860. 
Drummond light, preparation of oxy- 
gen for this, 855. 
preparation of .oxy- 
gen from manga- 
nese, 867. 
Dew, how formed, 188. 
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EqnUibrium, stable, unstable and nea- 

tral, 22. 
Engine, fire, explained, 122. 
atmospheric, 128. 
Watt*s improyed steam, 180. 
high-pressure, 132. 
EolopUe, 127. 

Bar, how produces hearing, 152. 
*« of Dionysius, 147. 
Echo, 146. 

Electricity, mechanical, introduction 
to, 165. 
'* history of; theories of, 165. 

'* produced by friction of 

glass, 174. 
" prwiuced by cloths, steam , 

176. 
•« two kinds, 176. 

** induction of, theoxy, 184. 

resides on sur&oe of the 

glass jar, 189. 
Illumination by, different 
colors, 190. 
<* - passage of through rarefied 

ur. 193. 
" combustion by, 195. 

mechanical effects of, 198. 
from points, 201. 
agency in eyaporation, 
204. 
** effects on the animal ^s- 

tem,204. 
*' Tirtues of as a medical 

agent, 205. 
•* of tht atmotphere, 207. 

*« of thunder-clouds, 209. 

*« return-stroke, 210. 

*' galvanic, history of its 

discovery, 216. 
manner produced, 217. 
difference between it and 
mechanical, 219. 
<• heating effects, 238. 

** effect on the animal sys- 

tem, 286. 
" tt*rmo,how produced,289. 

" animal, 241. 

*• magneto, 288. 

Eleotrio machine described, 167. 

theory of, 177. 
battery, 171. 

attraction and repulsion, 178., 
sportsman and birds, 179. 
dancing images ; spider ; , 
Bwing-bella, 180. ' 
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£leetrio swan, 182. 

<^ induction shown by double 

jar, 188. 
«« luminous frame; star, 191. 
<« luminous tubes; jar, 192. 

cannon, manner of filling, 

197. 
spark, inflammation of ether 
by, 198. 
«« mortar, 201. 
<* currents, attraction of, 27& 
secondary currents, 278. 
hdix, polarity of, 251. 
Electro-magnetiam; e^ts of a flow of 

electricity in caus- 
ing magnetism, 
245. 
•« •• theory of earth's 

magnetism, 255. 
machines tor reyoWing by, 272. 
metallurgy, 281. 
Eye, its structure, 815. 

images formcxl on its retina, 816. 
power of adapting itself to dis- 
tances, 817. 
** how magnitude of distant objects 

determined, 818. 
<* near and &r sightedness, 819. 
** impressions on its retina, 820. 
** inability to distinguish colors, 
822. 
Electrometer, gold-leaf, 178. 
pith-ball, 172. 
Electrophorous, 185. 

F. 

Forces, centrifugal and oentripetal, 

29. 
Fly-wheel, 49. 
Fusee in watch-work, 51. 
Friction, 55. 
Fountain in yacuo, 117. 
Freeiing mixtures. 845. 
Floating bodies, 69. 
Fishes, sink and rise> 115. 

G. 

Gravitation, tendency to draw bodies 
" to the earth's centre^ 

18. 
•« acts alike oa all bodies, 

19. 
Gravity, centre of, to find this, 20. 
« falls before the poin 
of support, 21. 
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GraTity, fllustrations of, 24. 

specific, illustrated, 66. 

to afxsertain that of solids, 67. 

" •• " liquids, 68. 

Guinea and feather tube» 84. 
Gymnotus, 241. 
GalTanometer, 246. 

H. 

HydroBtatio press, to ascertain pressure 
of this, 58. 
" bellows, 61. 

** paradox, 63. 

«• balloon, 114. 

Hydrometer, 68. 
Hydraulics defined, 70. 
Hillotype, 813. 
Heat, sources of, 333. 
" expansion of solids by, 836. 
" equilibrium of, 337. 
** conductors, metals good, 837. 
** liquids; bad conductors of; how 

heated, 389. 
•• radiation of, 839. 
" reflection, 340. 
" transmission of, 841. « 
Hand-glass, 96. 

Hydrogen generator, to prepare this, 
859. 



I. 



Inclined plane, 48. 



Ealeidoaoope, 294. 

L. 

Lever, three kinds illustrated, 86. 
• •• compound, 89, 
Liquids, flow of; resistance of, 71. 
•* pressure of, 57. 
" rise of in tubes, 95. 
*' boiling of under pressure, 110. 
•* equilibrium of, 60. 
'* conduct sound, 145. 
*' pressure of illustrated, 68. 
Leyden jar, theory of, 186. 
Lightning-rods, 211. 

** safety from lightning, 
218. 
Light, two theories of; rate of progress, 
286. 
" course of; shadow and penum- 
bra, 288. 



Light, yitensity of ; diminishes with 

distance, 289. 
«* reflection of, 291. 
•* refraction of, 298. 
** limiting angle of refraction, 

800. 
** refraction of by double-convex 

lenses, 802. 
*' refraction of by double-concave 

lenses, 303. 
'* decomposition of, 305. 
** polarization of, 810. 
** chemical action of, 811. 
Lenses, 801. 

'* images formed by, 804. 
" achromatic, 307. 

M. 

Matter, properties of; extension; im 
penetrability ; divisibility ; 
figure; porosity, 18. 
«* inertia of, 16. 
" specific properties of, 17. 
Momentum, 26. 

Motion, different kinds defined, 25. 
*« of projectiles, 28. 
" central, how produced, 29. 
" reflected, 82. 
'< resultant, 82. 
Mechanical powers ; machines, how 

composed, 36. 
Machinery, 47. 

* * relation between power and 
resistance in, 48. 
Magdeburgh cups, pressure on these, 

99. 
Marcet's steam globe, 127. 
Magnetism, 154. 

Magnets, natural and artificial, 154. 
'* how arrange themselves 
when free to move, 154. 
Magnetic induction, theory of, 156. 
Magnetism of soft iron; of steel, 157. 

" terresjtrial, 158. 
KJagnets, artificial, how made, 157. 
** reaction of; their revolution, 

248. 
*' electro, how made, 256. 
Magnetizing helices, 257. 
Mirage, 301. 
Microscope, simple, 822. 
*' compound, 824. 

" solar, 860. 

" adTantages of, 826. 

** oxhydrogen, how arrang- 

ed, 858. 
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Maglo lantern, bow eoostmeted, 846. | Sound, how caused, 141. 

•< directions for use of, I **' solids conduct this, 144. 



a4& 

Mercury, height atmosphere will sus- 
tain this, lOL 
Meteorology, 135. 
Mists, 187. 
Muscular action, theory ot, 248. 



N. 



Needle, magneUc, 159. 
«* its declination, 160. 
" its dip, 161. 
astatic, 247. 



«« 



0. 

Optical instruments, 822. 
Oxhydrogen jet, to regulate the flame 
of, 860. 

P. 

Pulleys, two kinds, 42. 
Pendulum described, 51. 

" laws of Tibration of, 52. 

'* used for determining the 
figure of the earth, 53. 

" As a measure of time, 54. 
Pneumatic instruments, description of 
76. 

«« paradox, 120. 
Pump, lifting, 121. 
Photograph, 812. 
Phantasmascope, 821, 
Pyrometer, 836. 
Phantasmagoria, 850. 



Bain; hail, 188. 
Befleotors, curved, 295. 

«« images (irom these, 296. 

*' oonyex, images formed by, 
297. 
Bunbow, 808. 

8. 

Suction, absurdity of, 105. 
Siphon, 123. 



c« 
« 



progressive, 145. 

reflection of, 146. 

musical, 148. 

theory of musical Bounds, 149. 
Signal-key, 265. 
Shocking-machines, 279. 
Screen, 350. 

Stop-cock, disBolTing, 851. 
Screw connections, 85. 



T. 

Telegraph, electro-magnetic, Morse's, 

260. 
«• «• House's print- 

ing. 266, 
«« " Fire alarm, 271. 

•• " Hughes*, 266. 

Telescope, reflecting, 827. 
•« refracting, 328. 
** terrestrial, or apy-g^aas, 880. 
GalUeo's, 382. 
Thermometer, air, 884. 

" mercurial, 885. 



U. 

UhiTeraal discharger, 195. 

V. 

Vapor, expansion and elastic force of, 

126. 
Voice, 151. 
Ventriloquism, 151. 

W. 

Water frosen by its own eraperatioii 
in yacno, 848. 
** as a motive power; water- 
wheels, 72. 
" sustained in an inverted j&r, 
108. 
Wood, porosity of shown by atmo^ 

pheric pressure, 102. 
Wiods, land ai\d sea breexes, 185. 

** trade-winds, 187. 
Whirlwinds, 136. 



SARGENT'S 
STANDARD SERIES OF READERS. 

By BPES SARGENT, 

AUTBOB OF TBB **STAHDARD BPIAKKB,** BTO. 



Now Eeady: 

The Standard Fifth, or First Class Standabd Reader. 12mo, 

480 pages. 
The Standard Fourth Reader. 12mo, 330 pages. 
The Standard Third Reader. 12ino, 210 pa^c^. 
The Standard Second Reader. 16mo, 210 pages. With Cuts. 
The Standard First Reader. 16mo, 120 pages. With Cuts. 
Sargent's Six School Charts. For Beginners in Rculing. 

These ChAits are 23 Inches bj 30 In sue -, got up in » new and attractive style, 
with the right tTP^* Every primary school should hare them. Th^ are invalu- 
able aida in teaching reading or spelling to a class. 

Nearly Eeady: 

The Standard Primer. With fine Illastrations. 
The Standard Speller. 

The above series of Readers, though new in the market, have met 
with a rapid success, &r beyond that of any similar scries ever pub- 
lished in this country. The commendations of them from eminent 
teachers and critics have been earnest and decided. The Readers 
are most emphatically pronounced the best. 

Teachers are invited to send for these Readers, and let them speak 
for themselves. Copies for examination will be furnished to them 
gratuitously at the store of the publishers ; or, by sending the 
amount of postage for prepayment, they can have the Readers sent 
to them by mail. The postage rates are, on the Fifth Reader, 24 
Ota.; Fourth, 18 cts.; Third, 16 cts.; Second, 12 cts.; First, 9 cts. 

Of the entire series the New York Independent says : 

** These reading books are of singular excellence, more especially as suoeessha 
instaooes of the very highest moral, and sometimes even religious tone, without a 
particle of denominational bias or sectarian offence. Their other merits corre- 
spond -, but this one, in these days of the great ethical problem for onmmon school 
management, la a special desideratum." 

Of the series the New Bedford Mercury says : 

** Mr. Sargent*s School Books are fieist becoming the Standard school books, as 
they deserve to be ; and we should be glad U> know they had superseded all the 
old mechanical and treadmill systems, that have had little inlluenoe upon chiklrcn 
except to make them feel aversion to study." 

The Bruntunck (Me.) Mercury says : 

"This volume [the Third Reader) takes rank with its predeoetsors, which arc 
fast becoming standard works in our highest schools. Mr. Sargent must have 
bestowed vast labor In the preparation of these books. His careful arrangement 
and elucidation of modulation of the voice, empliaais and pronunciation, deserve 
all praise ; while his extensive belles-lettres acquisitions and fine taste make him a 
rare and valuable guide to young people in the formation of their literary taste. 



PHILLIPS, SAMPSON, k OO.'S PUBLICATIONS. 

8ARGEXT8 SIX CHARTS, (23 inches 1 y 30,) 

For use in Teaching, Reading, Spelling, &c.v in Piimary 

Schools. 

Price, $1.25. 
An idea of tbe distinguishing chancterifUci of the two Ufhett BeftdecB of thia 
».«rioa may bo pot from the following passage from the Annxial Report of tha 
9i-hool committee uf the city of Lynn, Mass., for 1854. 

"■ Only one change haa been made by the committee in the text^moka used in 
the ».h(>olH. Tlih vras the introduction of Sargent's Standard Fifth Reader^ 
and his Si md'trxi Pmrih Reader into the grammar schools. Some change waa 
greatly n'MMiiHl. The teachers were almost unanlmoas in the condemnation of 
the reluiiug Invtks which w(>re used in the schools, and in tiiia oondemnatiou tha 
committee, afttr a patient and full examination, entirely concurred. 

^'The two rea<ling bofike intmduccd, it is believed, will meet admirably tba 
wanti of the soluMib:. Tlie i^electron of pieces is made with tact and excellent 
judgment, exhibiting a rare acquaintance with the best sources of our Uteratura, 
as welt as a nice iH'neptinn of the wants of teachers and pupils in the excrdaes 
reqnijiite to form a gtxMi t^uite and a correct style in reading. 

''The (iireotions ^iven for pmnnnciution, inflection, and articulation are also 
very full, care being taken to point out the most common faults and errors. 
Them uieritfs to<;ethcr with the copious references to the best authorities, and Um 
explanatory iudext^s, render these books truly standard reading boidcs. If the 
remaining books of the scries equal these, and are as well adapted to the intei^ 
me<liate and primary, as these to the grammar schools, they will supply a need 
which haa long existed of a complete and uniform series of reading hooka for all 
the schools." 

From an actlTe friend of the cause of education in IUln<n% Georjfc M, Dewe^^ 

■sq., of Antioch, we have the following testimonial : — 

<* This series of hooka I believe superior to any others now in use. First, be> 
cause the elemental rudiments of the language are there better explained than I 
have before seen them. Secondly, because the rules therein laid down for the 
government of the voice are just what the interest of the scholar required- 
brief, concise, and to the point. Tliirdly. because the selections composing the 
reading exercises are among the finest specimens of the literary productious to be 
found in the language — selected with great care by one of the finest (tcholars of 
the age. And, finally, because there is attached to it an explanatory index, in 
which may be found the definition and derivation of all words of difficult orthog- 
raphy or pronunciation ; also, the history in brief of each author fKmi whose 
writings selections have been made for the volumes. This fecttore I believe en> 
tirely new, and surely it is one that commends itself to every schohu- and teadier 
as an improvement long called for by the interests of education. 

*' No person at all conversant with the wants of our schools will hesitate in 
saying that the Readers now ujied are not what the necessities of the rising gen- 
eration require, and that a. radical change is demanded, provided a superior book 
can be obtained. Such a series I believe those of Mr. Sargent's to be, in ereiy 
particular. I tliink them as much above those now in use as they are above the 
old En^^iah Reader of by-gone years.*' 



THE PRINGIPIES OF CHEIISTRT, 

lUustratod hj simple Experiments. By Dr. JuUns AdoljA 
Stockhardt, Professor in the Koyal Academy of Agriculture at 



PinLLTPS, SAMPSON, & OO.'S PUBLICATIONS. 

Tharaiid, and Royal Inspector of Medicine in Saxony. Trans- 
lated by C. H. Pierce, M. D., with an Introduction by FrofesBoi 
£. N. Horsford, of Cambridge. Price, $1.75. 

Extrad from a Leiler qf S. L. DanOt M. D., LL, D, 

This book is preifmineutly clear, conci$^. practical in all its allasiona to art. 
simple in its arrangements, and illustrated by expcriracntfi requiring no array of 
costly apparatus. It is a work worthy of its author, and will bou* the choractei 
we have given to it, even when sutfjeeted to the severest scrutiny. 

From A. A. HayeSy M. !>., Anay^ to the State of Mauachtaetts, 

After reading this work in tbo translation by Dr. Pierce, I have formed the 
opinion that, as an easy introduction of the student to the principles of chemis- 
try, it Is unrivalled by any book in oxir langnaj^e. Karely is it possible to find an 
dementaiy work which, without being voluminous, discusses so many sutijecta 
dearly. 

Ertradt from Pr*>feMittrr HortforcTs Jhtroduction. 

The qualifications of this work as a text book for schools are such as to leave 
Uttle, If any thing, to he de<Urod. The cIa<iHifloation is exceedingly convenient. 
The elucidations of principles and the explanations of chemical phenomena are 
admirably clear and concise. The book is also well adapts to the wants of teach* 
era who desire to give occasioniU expcrimentAl lecturee at a moderate expense, 
and of thofl4J who design to commence the study of chemistry, either with or 
without the aid of an instructor. 

From John A. ThrteTj Phyftsgor of Cfumistry applied to Arty in Tale CdQegt. 

I eonenr entirely in the views of the work expressed by Professor Horsfisrd In 
the introduction, and shall recouimoud it to those pursuing the study of chemis- 
try under my direction. 

From David A» Weff*^ Practical Chemist. 

I consider StSckhardt's << Principles of Chemistry," as an elementary book, 
rapertor to any other work of the kind hitherto published. 

I have carefully stxidied StJSckhardt's Chemistry, and have used it In the in- 
struction of my classes. As a text book it is worthy of all praise; Ur better than 
any I have examined since the progress of science rendered the Conversations on 
Chemistry obsolete. The ori,dnal is the work of a man at onoe skilful as a 
teacher, and profound in his knowledge of the history and principles of his sci- 
ence, and Cimilinr with facts and the details of manipulation. The translation is 
fitultleas. It lu&s entin>ly the air of an original ; and In simplicity, clearness, and 
oondseness may lie regarded as a model. 

GEORGE B. EMERSON. 



INTELLECTUAL PHILOSOPUY, 

By the author of «« Elements of Moral Science/' ** Political 
Economy," &c.. President of Bro:^ University. This work is 
deigned for Colleges, Academics, and Iligh Schools. ^1.25. 

"President Wayland*8 'Elements of Intellectual Philosophy' will supersede 
other treatises on the sulject. as a toxt book for students. His Work baa peculiar 
fitness for that position. It is the gradual growth of a series of lectures to suc- 
cessive classes in Brown University. Composed with this view, it is admirably 
«dapted to those who are beginning the study of mental science." — Boston IW. 

*'The reputation of Dr. Waylalld as a healthy and deep thinker is estabUshtnl 
upon BO firm a basis, that a new text book from his pen will be surs to mset witk 
an extensive demand for many years.'' — BtifUm TrunsrripL 



PUILLIPS, SAMPSON, A OO.'S PUBLICATIONS. 

^ We know of no work so well adapted to popolarise intellectual philosophjr aa 
ttiia. We venture to predict that it will become the moet popular tazt book oa 
the sulyect in this country." — Zion*i Bavki. 

" We commend it to the attention of Prof^wrt who hare charge of claasea ia 
mental science in our colleges. From a cursory examination, we think it d** 
cidedly superior to the author's work on Moral Philosophj, which is eztenilTdj 
known to the public.*' — Ckrutian Ob$arver. 

** It is the better adapted for a text book in High Schools and Oolleges, that the 
form in which the lectures were propar*^ for oral delivery is retained, with whieh 
perha))S might aeem a redundance of illustration, if experience had not estab- 
liithod tl)0 necessity of it in order to fix definitely in the mind of the pupil the 
nature and limits of subjective truth." — New Tork Journal qf Qmmeroe. 

" In every page of this work ia to be seen President Wayland's aocnatomed 
cleamt'Siii and compactness of style, felicity of illustration, and force of argument; 
the result of fireanent reyistoi uid long and careful preparation.'* — NaUanal Era. 

•* The work of Dr. Wayland will fill a long vacant place in the department of 
int(>Uectual science. There has not before been any >rork well fitted for use a« a 
te.nt l>N>k in this branch of study in our High Schools and Colleges. It waa 
necdiMj and will be extensively used." — Norton'9 Oazttte. 

'* This work imbodies the ripe fruits of a lifetime. Its arrangement, condensap 
tlon, and perspicuity are every way admirable. All that precision, clearness, 
simplicity, and force of language can do to make the most perplexing of all BCi> 
ences plain, is here set forth. In the reading of these ch^ters we are reminded 
of the saying of the great and good Archbishop Leighton to his clergy : * Hoiw 
much learning it takes to make ihoae things plain I ' " — National hdelUgenoar, 



ESSAYS OS THE INTEllECTUAl POWERS OP MAN, 

By Thomas lleid» D. D., F. R. S. E. Abridged, Trtth Notes 
and Illustrations from Sir William Hamilton and others. Ed- 
ited by James Walker, D. D., President of Harvard College. 
One Tolume, 12mo. Price, $1.25. 
The works of Held and Stewart are too widely known to need comment, and 

whatever other treatises may be published, these will probably always retain thdr 

admirers. 



riE PHIIOSOPHT OF THE ACTIVE AND MORAL POWERS 

OF MAN, 

By Dugald Stewart, F. R. S., London and Edinburgh. Re« 
vised by James Walker, D. D., President of Harvard College. 
One volume, 12mo. Price, 1.25. 
5« 



PHILLIPS, SAMPSON, ft OO.'S PUBUOATIONS. 

THE GREEK SERIES OF ALPEEDS CROSBY, 

Late Professor of the Greek Language in Dartmouth College. 

CROSBY'S GREEK GRAMMAR, 12mo. Price, $1.26. 
CROSBY'S GREEK LESSONS, 12mo. Price, 63 cents. 
CROSBY'S GREEK TABLES, 12mo. Price, 38 cents. 
CROSBY'S XENOPHON'S ANABASIS, 12mo. Price, 75 
cents. 

This admirable series has steadily gained ia popalarity from the time of its ' 
pablicatloD, and has come to be regarded by eminent teachers as among the best 
In OM for imparting a thorough knowledge of the Greek language. 



lUHNER'S LATIN GRAMMAR, 

With Exercises, a Latin Reader, and Vocabulary. Translatea 
and remodelled by J. T. Champlin, Professor of Greek and 
Latin in Watenrille College. Price. $1.12. 

tUHNEB'8 LATIN EXERCISES, 

Litroductory to the Latin Grammar. Translated and remod- 
elled by J. T. Champlin. Price, 63 cents. 

A penpicoooa and thorough indnction into the construction of the Latin lan- 
guage. 

FOISOI'S IITT, 

For the Use of Colleges and Academies. By Charles Folsomt 
Librarian of the Bo^^ton Athensum. Li one Tolume, 12nio. 
Price, 90 cents. 



^tums. 



ADAIg'8 MENTAL ARITHMETIC, 

l8mo., half morocco. Price, 28 cents. 

NEW ARITHMETIC, 

12mo., half morocco. Price, 45 cents. 



•«w> «^^l^^»*»»»^^ 



PHILLIPS, SAHPSON, A 00.*8 PUBUCATlU^ft. 

KEY TO ARITfllETIC, 

12nio., half morocco. Price, 45 cents. 

lESSURATIOX, 

12mo., half morocco. Price, 60 cents. 

BOOK KEEPING, VITH JOURNAL AND LEDGER. 

Price, $1.13. 

Nutwitiistaudlni; the gr^t number of works upon the sdeaoe of 
•erius by Adami has held it* place now for many yeiuK, and haa bean 
It uMd than any ey«r published — a iofficient guaranty of Ita a gee U — H b 



TEE COMMON. SCHOOL ALGEBRA, 

By Thomas Sherwin, Principal of the English High School, 
Boston. 12mo. Price, 75 cents. 

A thorough and deaerredly popular treatise on this important bnndi of Hath 
amatics. 

KEY TO COMMON SCHOOL ALGEBRA, 

By Thomas Sherwin. Price, 67 cents. 



THE ELEMENTS OF PLANE, GEOMETRY, 



For the Use of Schools. By N. Tillinghast. In one Tolomo 
Price, 60 cents. 



FIRST GEOGRAPHY FOR CHILDREN, 

By n. Beecher Stowe. Square 16mo., with nnmerous Illus- 
trations, and colored Maps. Price, 50 cents. 

This treatise has reoeired the warmest commendations from teacbert and tnm 
the press in the brief time since it was published. It is entirely npon a new plan, 
being adapted to teach ideas^ and to malce geography an enttrtainiaif stody to 
•hildran. Copies ftarniahed gratis tor examination. 



PHILUPS, SAMPSON, « OO.'S FT7BUCATI0NB. 

Mattt$Ut. 

WOECESTEE'8 ANCIENT, CLASSICAL, AND SCRIPTURAL GE- 
OGRAPHY AND ATLAS. 

Price, 63 cents. Worcester's Modem Geography and Atlas. 
Price, $1. Worcester's Ancient, Classical, and Seriptnral At- 
las. Price, 50 cents. Worcester's Ancient Geography. Price, 
26 cents. 



NEWC0IB*8 SCRIPTURE ftUESTIONS, 

On the Epistle to the Hebrews. Parts I. and n. Price, 80 
cents. 



BOOKS FOR PARSING EXERCISES, 

kiLTON'S PARADISE LOST. l8mo., morocco back. 

I^ce, 34 cents. 
YOUNG'S NIGHT THOUGHTS. Price, 34 cents. 
POLLOK'S COURSE OF TIME. Price, 34 cents. 
THOMSON'S SEASONS. Price, 25 cents. 
COWPER'S TASK. Price, 25 cents. 



MUSIC BOOKS. 



TIE GLORIA IN EXCEISIS, 

A Collection of Church Music. By W. Williams, Organist at 
Bowdoin Square Church, Boston. An entirely new work, 
nothing in it having ever appeared in any previous collection. 
Price, per dozen, $7.50 ; single copies, 75 cents. Copies sent 
free for examination on the receipt of 45 cents in postage stamps. 
The hymn tanm are chaste, melodious, and adapted for worship. The ooUoetion 
of ahort anthoma Ibr the introduction of public Aerrice, and for special occaaionB, 
is nnoominonly ftill and excellent. The elementary portion is simple a&d eon- 
else, and contains a number of pleaving secular pieces for choir practka. 

The book has already received many commendations, and needs only to 
known to be wididy used. 
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ESSAYS, REVIEWS, AND LECTURES. 



d^mtrson. 

GSSiTS, BT RALPH WALDO EIEBSON, 

First Series, in one volume, l2mo. Price, $1. Second Series, 
in one volume, 12mo. Price, $1. 

It Is too Ute to prewnt any labored analysis of the writings of Smenon, — too 
Uto to set down any eulogy. Whoever loves to deal with first principles, and is not 
deterred from grappling with abrtract tmtfas, will find in these essays a rare plea» 
ore in the exerciM of his powers. Tlie |)0|mlar ridicule which was hei^ied upon 
the so-called transoendental literature, at least so far as Emerson is ooooemed, 
has parsed awaj: and these roIaineK are nnivcnsally admitted to be among tha 
nxwt Tsliuihlo contributions to the world's Ht^xrk of ideas which our age haa Air* 
nished. Kvery p^go bctin the impress of thought, but It Is thought iubtOJaed, 
and redolent of poetry. Ol«carity thoro is none, save to the i&capabla or tha 
prrjuiIioHi, or to those arrr^e to uirtaphysical Rpf>culations. 

NATURE ; ADDRESSES AND LECTURES, 

By R. W. Emerson. In one volume, I2mo. Price, $1. 

REPRESENTATIVE MEN, 

Seven Lectures, by R. W. Emerson. In one volmne, I2iiio 
Price, $1. 

*< It is certainly one of the most fascinating books erer written, whether wa 
consider ttti subtile verbal felicities, its deep and shrewd observation, Ita keen crit- 
icism, its wit or learning, its wisdom or beauty. For fineness of wit, imaginatSoo, 
observation, satire, and sentiment, the book hardly has its equal in American lii> 
erature." — £, i*. WhippU. 

"It is a thoughtful book, and better adapted to please the majority of readers 
than any previous attempt of the writer." — H. T. Tudcermem, 

« This is not an orlinazy book."» Xondon .ilAetuncM. 



CRITICAL AND IISCEILANEODS ESSAYS, 

By Thomas Carlyle. In one volume, octavo, with Portrait 
Price, in muslin, '$1.7o. 

This vigorous and profound writer has been chiefly known to the public at 
largo from the caricatures of his style published by those to whom dr^iexy and 
oruameut aro of more consequence than rital force. The faults of Carlyla art 
sufficiently obvtoas; they lie upon the very surlkoe; but for nicety of analysis 
powei> and closeness of logic, manliness of ■ utteranca, and genuine enthnsiasni 
tor what be deems the good and true, no critis Is more JusUy entitled to admiratfcm 
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THE LATER ESSAYS OF TIOHAS CABITIE, 

(Latter Day Pamphlets.) In one volume, 12mo. Pnce^ m, 
muslin, 60 cents. 



ESSAYS, CRITICAl AND II8CELLANE0U8, 

By Thomas Balnngton Macaulay, author of a History of Eng- 
land. In one volume, octavo, with Portrait. Price, in muslin, 
$2. 

Mfboerer wishes to gain the most extenslTe aoqiudntanoe wKh English, liiBtory 
and SngUsh Uteratnro in the briefest space of time, will read the Essays of M»> 
canlay. It is emphatically the book to direct the student in his researchea; and 
at tha same time the brilliancy of the author's style, his learning and vast fhnd 
of information, and the pertinency of his illustrations, render his writings as 
flBiscinating to every thinking mind as the most splendid work of fiction. More 
scholars and critics of the present day owe their first impnlse to aelf-cnltozo to 
Macanlay than to any other writer. 

t< Undoubtedly tho prince of the English essayists." 



TIE WORKS OF RET. SYDNEY SMITH, 

rConsisting principally of articles contributec* to the Edinburgn 

Review.) la one volume, octavo, with Portrait. Price, in 

muslin, $1.25. 

The Edinburgh RoTiew, so long known as the leading Qiuurterly of Great Brit* 
aln, perhaps owed its existence and Its reputation more to Sydney Smith than to 
either of his illustrious dompeers — Brougham, Macanlay, and Jeftnj. l%e good 
Mnae and simplicity of his style, no leas than his Tigorous logic and bristling wit, 
hare rendered his name known whererer the English language is spoken. The 
Interest in his writings will outlive the occasions which caUsd tbam tnrth, and 
th«j may now be placed among the British olassica. 



CONTRIBUTIONS TO TEE EDINBURGH RETIEW, 

By Francis Lord Jeffrey. In one vohune, octavo, with Portrait. 
Pfice, in muslin, $2. 
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In these ait]cl«a of Jeflfrer, th« cnrioas raader mftj Be« a history of Eng^fada lit- 
3t»tarQ for the U«t fifty yean. Now that Scott, Caiopbell. W<»xlsworth, Byron, 
iad a lew otheni ara inunnrtal lieynnd cavil or ponulTentura, with what intenwt 
Jo we look for the flrnt imprvMtonn which th*nr works made upon the mind of 
Uioir oontempoRtry and reviewer! Aaido from his learning, vigor, acnteneae, 
and general impartiality, J^Bnj will b^ read for many years to come for his tumy- 
rlatton with ths eminent names which have made the early part of this cen« 
tory 10 Olnstrions. 



THE KECBEATIONS OF CHRISTOPHER NORTH, 

(Contributed to Blackwood's Magazine.) By John WiImri. In 
one Tolume, octavo, with Portrait of ** Christopher in his Shoot- 
ing Jacket." Price, in muslin, $1.25. 

The Csme of Wilson, nnder hia chosen pscudonyme, Christopher North, is uni- 
versal. The wonderful vigor, the wit, satire, fun, povtxj, and criticism, all 
/steeped through in his Tory prejudices, with which his contributions to Bla^rk- 
wood overflowed, commanded the attention of all imrties, and hare left a deep if 
not afwnnanent impression in the literature of the age. Those articles arc full 
of the author's peculiar traits. Humor and pathos succeed each other like dunds 
and sanahine in an April day. The character of the Scottish peasantry in siime 
sf the Recreations, is depleted with as much power as in the anthor's Ikmons 
** Lights and Shadows of Scottish Life." 



THE MISCEllANEODS WORKS OF TIE BIGHT BON. SIE 

JANES MACKINTOSH, 

In one volume, octavo, with Portrait. Price, in muslin, $2. 

This edition contains all the miscellanies of the author, reprinted fit>m the Lon- 
don edition of his works. The topics are various, from literature to politics. The 
Revolution of 1688, it is well known, had engaged mndi of the anthiw's attention, 
and his articles upon that snt|)ect are among the most important and trainable in 
the limgnage. 

II8CEIIANE0U8 ESSAYS, 

By Archibald Alison, F. R. S., author of a History of Europe 
during the French Revolution. In one volume, octavo, with 
Portrait. Price, in muslin^ $1.2o. 
th» distinguished author of the History of Enropo, In a series of critical art* 
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flies, mostljr T^pon modern liiatorical, snbjects, bas apparently giren to the world 
many of the studies upon which his great work is based. Thew EiMja will bt 
rmd with profit by OTory student of European history. 



^uUnnxt , 3Ui^\tn, 



TIE CSITICAl AND HISCELIANEOUS WUTINGS OF 
THOMAS NOON TAIFOUBD. 

Author of ■■ Ion," a Tragedy, &c., with a Portrait, and 

TIE CSITICAL AND MISCELLANEOUS ESSAYS OF JAMES 

STEPIEN, 

In one yolume, octayo. Price, in muslin, $1.25. 

The author of " Ion ** may surely claim a place among the classle writers of 
Britain. The essays here oullected, though lacking the force and 8i>lendor of 
style that belongs to Macaulay, are among tlie moHt eiogont and attractive in the 
language. They refer generally to lighter literafy topics, instead of the serere 
tnljeets with wliich Mackintosh, Alison, or Carlyle choose to grapple. 

Mr. Stephen, also, has long been known as among the ablest of the great mod- 
em essayists. 

TIE MODERN BRITISI ESSAYISTS, 

Comprising the eight volumes octavo preceding. Price, in mus- 
lin, $12 ; in sheep, $16 ; half calf, or half morocco, $18. 



BIOGRiPHIGAl AND CRITICAL MISCEllANIES. 

By W, H. Prescott. With a finely engraved Portrait. One 
volume, 8vo. Price, in cloth, $2 ; in sheep, $2.60 ; half calf, 
or half antique, $3 ; full calf, or antique, $4. 

" Mr. Prescott Is ui elo^ant writer, and there is nothing that comes from his 
pen that does not strongly bear the marks of originality. The present rolunie 
contains a series of papers on different snltjects; biography, belles4ettree, a*iti> 
cism, Ac, in which Mr. Prescott has put forward some beautiful ideas on thu 
attributes of mind, the formation of character, and tlie present conditton of Tari- 
ons sections of society. It will be read with avidity by the scludar and general 
Inqolrer." — New Orkaru JSvUetin. 
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LECTURES ON TEE GENIUS OF WASHINGTON illSTON, 

By Rev. William Ware. Author of «« Zenobia," «« Aurelian," 
&C., &c In one Tolume, 12mo. Price, 76 cents. 

"The illnstrioiu painter hu fcmnd a splendid exponent of his eenhu in Ur. 
Warn. No one can read these Lecturee without being impr o a oed with the congen- 
iality and perfect knowledge of the art npon which, in connection with his sob- 
Ject, he expatiates. They are clear aa crystal, showing in the traiisparency of 
words the gemmed and hrilliant ideas. The pictures of the great artist are de- 
•cribed in language whose coloring rivals the brightnoas dl the ol^ects themselTee, 
Betting them before the mind odf the readw with such tividness as to make them 
almoet rialble to sli^t. e e • e The whole book Is full of feeUng, and 
radlaiit with beaat7.''^iU&aiiy Knickerbocker, 



PSACTIGAL 



AND SCIENTnTC. 



TIB IECHiiriC'8 TEXT BOOX, \ 

And Engineer's Practical Ouid^ Containii^g a concise Treatise 
on the Nature and Application of Mechanical Forces, the Action 
of Grayity, the Elements of Machlv^^* the Strength, Pressure, 
and Resistance of Materials, &c., &K^ Compile and arranged 
by Thomas Kelt. To which is added,\^uaU^ Hints to Mechan- 
ics on rarious Subjects, by John Frost, Lffs*-^. In one volumet 
12mo. Price, $1. 

TIE ENGINEER'S POCKET GUIDE, 

By Thomas Kelt. ISmo., muslin. Price, 75 centt; with 
tucks, $1. 

The most Talnable lnibnnatk>n tar the mechanic^ in a small eampaai, and Id 
dear and intelligible language. 

UNUiL OF IA6NBTI8M, 

By Daniel Dayis, Jr., with 180 original illustradons. In one 
Tolume, 12mo. Price, $1. 

Eztractt from, the Pr^aee, 

''The present work is principallT orcnpied with magnetfam !n its ocmneetioa 
with electricity. Bat the general phenomena of both these sciences are described 
as fhlly as the thorough comprehension of the relations existing between them 
appeai^ed to n^uire. It has l)e4>n the aim to give the book a practical rather than 
a theoretical character, and to introduce hypotl^ses no further than was essential 
to a clear explanation of the phenomena described." 

<*In the preparation of this (2d) edition, alterations and additions haTO been 
made to adapt it better to the purposes of a text book for colleges and high achoola, 
and also aa a companion to the apparatua." 



